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Introduction
In RAN1#84bis meeting, one of agreements for NR is to ”Study flexible/dynamic TDD, including both downlink and uplink transmissions in the same sub-frame interval”. This contribution will further discuss the flexible/dynamic TDD.
Possible sub-frame definition
Similar as [1], for the purposes of discussion we might identify at least three types of sub-frame:
· DL-only sub-frame
· UL-only sub-frame
· Hybrid sub-frame, including both DL and UL transmission, where the DL transmission includes DL control and/or DL data, and UL transmission includes UL control and/or UL data. Such a sub-frame could have different formats in terms of the duration of each DL/UL transmission and the corresponding location, as shown in Figure 1: 1) DL transmission + UL transmission; 2) UL transmission + DL transmission; 3) multiple DL/UL transmissions starting from DL; 4) multiple DL/UL transmissions starting from UL. Moreover, such formats can be specified based on a limited number of candidates, or indicated via controlling signalling in a specified resource. 


[bookmark: _Ref450674947]Figure 1 Formats of hybrid sub-frame

Flexible/dynamic TDD design 
Flexible/dynamic TDD aims at defining the capability that the NR network can be adapted to dynamic DL/UL traffic fluctuations in a given geographic area. In LTE-A, eIMTA provides the network with the capability of changing the TDD configuration of each cell dynamically according to the DL/UL traffic ratio. However, such scheme is restricted to 7 TDD configurations, which can support DL/UL traffic ratio as 4:6, 6:4, 7:3, 8:2, 9:1, 5:5. In NR, various types of traffic with different DL/UL resource requirements will be supported. Moreover, with the dense network deployment, uneven DL/UL traffic distribution will be a typical scenario, and in some cases it will be necessary to provide low latency Thus, the flexible/dynamic TDD in NR should have much higher flexibility than in the LTE-A system. 
[bookmark: _Ref449527002]Frame structure supporting flexible/dynamic TDD
To support flexible/dynamic TDD in NR, a frame structure framework with different DL/UL configurations should be defined. Moreover, such a structure should allow dynamic DL/UL configuration changes. It may have the following options:
· Option 1: Fixed DL/UL configuration
In the frame, as shown in Figure 2, the DL/UL configuration indicates the type of each sub-frame, being DL-only sub-frame, UL-only sub-frame, or hybrid sub-frame including DL/UL setting. Different DL/UL ratios are specified by different DL/UL configurations. In this option, the DL/UL configuration can be changed in frame level only.  


[bookmark: _Ref450674986]Figure 2 Fixed DL/UL configuration
· Option 2: Flexible DL/UL configuration via some changeable sub-frames
In this option, some sub-frames can be configured to be changeable, i.e., the DL/UL setting of such sub-frames can be changed dynamically via controlling signalling. In this case, as shown in Figure 3, the network may initially send the DL/UL configuration indicating the type of each sub-frame, being DL-only sub-frame, UL-only sub-frame, and hybrid sub-frame including the DL/UL setting. Moreover, some of sub-frames are indicated as changeable (e.g., the 2nd and 9th sub-frames are initially configured as DL-only sub-frame and UL-only sub-frame, respectively, but both sub-frames are also indicated as changeable sub-frames). Alternatively, as shown in Figure 4, the network may initially send the DL/UL configuration indicating the type of some sub-frames, while the remaining sub-frames are left to be blank and configured to be changeable (e.g., the 2nd and 9th sub-frames are initially left blank, but later both sub-frames are indicated as the changeable sub-frame). Specifically, each blanked sub-frame can be dynamically configured with different DL/UL settings via the control signalling. In this case, the initial DL/UL configuration can be changed in frame level, while the DL/UL ratio can be dynamically changed at sub-frame level. Note that, the sub-frames not configured as changeable can be used for some common signalling transmission, e.g., system information.  


[bookmark: _Ref450675049]Figure 3 Flexible DL/UL configuration (changeable sub-frames with initial DL/UL setting)



[bookmark: _Ref450675064]Figure 4 Flexible DL/UL configuration (changeable sub-frames without initial DL/UL setting)

Proposal 1: The flexible/dynamic TDD design should consider supporting the following options in the frame structure framework:
· Option 1: Fixed DL/UL configuration
· Option 2: Flexible DL/UL configuration via some changeable sub-frames
Note that, in the abovementioned options, the sub-frames with DL/UL setting can be (partially) muted in time/frequency domain for forward compatibility. For example, in a sub-frame, some symbols in the beginning can be muted while the rest are kept as DL/UL transmission, and vice versa.   
Factors on flexible/dynamic TDD design
· Multiplexing various service types
In NR, various service types need to be supported, and each of which may have different requirements in term of DL/UL configuration. For example, low latency service requires to finish the DL and UL transmission in very short duration, e.g., one sub-frame, while the throughput improvement has low priority. Thus, the flexible/dynamic TDD design for low latency service aims at satisfying the frequent DL/UL transmission switching, e.g., sub-frame by sub-frame or less than one sub-frame, as shown in Figure 5 (a). On the other hand, for eMBB services, the DL/UL throughput improvement has the highest priority. Due to uneven DL/UL traffic distribution, especially in ultra-dense network scenario, the DL/UL configuration should be adapted to the traffic fluctuation in the network. However, in this case, the DL/UL transmission switching is much less frequent than that for low latency service. Thus, the flexible/dynamic TDD design for eMBB aims at satisfying the traffic variation in the network, e.g., multiple successive sub-frames can be assigned for DL/UL transmission, as shown in Figure 5(b). Accordingly, if low latency service and eMBB service appear at the same time, the DL/UL configuration should have frequent DL/UL transmission switching. The resultant guard period for DL to UL switching will degrade the performance of eMBB service. In this case, we have  
Observation 1: The flexible/dynamic TDD design should consider the multiplexing of various services. 


[bookmark: _Ref450675103]Figure 5 Different DL/UL configuration for different services
· Flexible/dynamic TDD support in the network-wide
With the flexible/dynamic TDD, different TRPs in the network may have different DL/UL configurations to combat an uneven DL/UL traffic distribution. Thereby, the resultant interference situation becomes much more complex than LTE/LTE-A system due to the inter-TRP interference, as illustrated in Figure 6. To tackle this issue, the interference mitigation techniques should be used. Thus, when studying flexible/dynamic TDD, the interference mitigation techniques should be studied to evaluate whether the resultant interference situation can be well resolved. 
Observation 2: The flexible/dynamic TDD design should consider the resultant interference impact on network. 


[bookmark: _Ref450675144]Figure 6 Inter-TRP interference
· Multiple connectivity
In dense network, each UE may be in the coverage of multiple TRPs. To achieve a uniform UE throughput experience, multiple connectivity can be used, i.e., the UE is connected to multiple TRPs so that it can be served by different TRPs in different sub-frames. If flexible/dynamic TDD is applied among different TRPs, different TRPs may have different DL/UL configurations. When the serving TRP of the UE is changed in the sub-frame, the UE may not know the DL/UL setting in current sub-frame. To tackle this issue, flexible/dynamic TDD should be able to dynamically inform UE the DL/UL setting of each sub-frame when the serving TRP is changed. For instance, in Figure 7, the UE is connected to TRP1 and TRP2 which have different DL/UL configurations. When the serving TRP is changed (e.g., TRP1 in sub-frame 1&4 and TRP2 in sub-frame 2&3), the network should inform the UE the DL/UL setting of each sub-frame. 
Observation 3: The flexible/dynamic TDD design should consider the multiple connectivity support at UE side. 


[bookmark: _Ref450675181]Figure 7 Multiple connectivity
Proposal 2: The flexible/dynamic TDD design should consider the following factors:
· The multiplexing of various services 
· The resultant interference impact on network
· Multiple connectivity support at UE side
Conclusions
This contribution discussed flexible/dynamic TDD and related designing factors, and then we have the following proposals:
Proposal 1: The flexible/dynamic TDD design should consider supporting the following options in the frame structure framework:
· Option 1: Fixed DL/UL configuration
· Option 2: Flexible DL/UL configuration via some changeable sub-frames
Proposal 2: The flexible/dynamic TDD design should consider the following factors:
· The multiplexing of various services 
· The resultant interference impact on network
· Multiple connectivity support at UE side
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