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1 Introduction
In 3GPP RAN#73 [1], RAN1#86 [2] and RAN #86bis [3] meetings, some issues of duplex were discussed and concluded. Relevant information is as follows.
RAN#73 Agreements: 
· The following items are put on hold until March 2017 (except for forward compatibility considerations):

· Waveforms above  40GHz

· mMTC 

· [Flexible duplex of paired spectrum]

· Interworking with non-3GPP systems

· Wireless relay 

· Satellite communication

· Air-to-ground and light air craft  communications

· Extreme long distance coverage

· Sidelink 

· V2V and V2X

· Multimedia Broadcast/Multicast Service

· Shared spectrum and unlicensed spectrum

· [Location/positioning functionality]

· Public warning/emergency alert 

· New SON functionality
RAN1 #86 Agreements: 
· NR should support at least following design targets: 
· It should allow FDD operation on a paired spectrum 

· It should allow different transmission directions in either part of a paired spectrum

· It should allow TDD operation on an unpaired spectrum where the transmission direction of time resources is not dynamically changing
· It should allow TDD operation on an unpaired spectrum where the transmission direction of most time resources can be dynamically changing

· FFS: It should allow support of full duplex in a forward compatible way

· Note: transmission directions include all of downlink, uplink, sidelink, and backhaul link 

· Note that additional discussion is needed about the timing to support above targets, particulally the second sub-bullet
· Note that some design targets may or may not be transparent to UE
RAN1 #86bis Agreements: 
Conclusion:
· Continue study considering some or all of the following aspects:

· Deployment scenarios/bands, same-/cross-operator considerations

· Resource assignments and rate adaptations

· Frame structure and HARQ/scheduling timing

· Measurements for cross-link interference management

· Signalling (e.g., OTA, backhaul, UE capability, etc.)

· Cross-link interference management (IC/IS, power control, etc.)

· Centralized vs. distributed interference/resource management

· Beamforming/MIMO

· Duplex modes (e.g., FDD/TDD, FDM/TDM, etc.)

· Latency reduction

· Whether or not LTE interference/resource management can be used as a starting point (as applicable)

· Sensing

· RS design

· Advanced receiver

· Timing alignment between DL and UL
Agreements:

· Strive for a common framework for cross-link interference mitigation schemes for both paired and unpaired spectrum.
In dynamic TDD operation, the transmission directions of time resources among multiple neighboring cells can be dynamically changed. The cells can suffer from a type of interference the neighbour BSs transmitting in the opposite direction. This type of interference is called cross-link interference (such as UL-to-DL interference and DL-to-UL interference) that may severely degrade Uplink or Downlink reception performance. Based on this, in this contribution, we will discuss several interference scenarios and possible interference mitigation schemes (e.g., sensing based scheme) for dynamic TDD in NR.
2 Interference scenarios for dynamic TDD
In Dynamic TDD system, there are typically two interference scenarios, as illustrated in Figure 1. gNodeB1 (gNB1) transmits DL to UE1 and at the same time the adjacent gNB2 scheduled UE2 in UL. Here, UE2 acts as a strong interferer to UE1, this is known as UL-to-DL interference or UE-to-UE interference. Another situation is UE2 is scheduled for UL by gNB2 at the same time gNB1 transmits DL to UE1. For this case, gNB1 will act as a potential interferer to gNB2, this is known as DL-to-UL interference or gNB-to-gNB interference.
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Figure 1: Cross-link interference for dynamic TDD system

With a sufficient knowledge of cross-link interference under typical environments, channels for dynamic TDD can be identified. Among them, channel including data channel and control channel. Based on this, in Figure 2 there are several possible channel interference for dynamic TDD operations shown. 
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(a) Data channel interference for UL-to-DL link and DL-to-UL link
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(b) Data channel and control channel                                        (c) Data channel interference with different
 interference for dynamic TDD                                     numerology (e.g., eMBB and URLLC multiplexing)
Figure 2: Possible data and/or control channel interference for dynamic TDD
For Figure2 (a), data channel interference induced by the mismatched transmission direction in neighbouring devices would dramatically undermine the achievable performance improvement obtained by flexible UL and DL transmission. This kind of interference often appears in multiplexing between different traffic types with the same numerology. To avoid this, it is additionally important for the frame structure to allow some blank time interval to reserve before data channel transmission. Some blank time interval can be used to perform sensing such as LAA LBT.
For Figure2 (b), we can see that cross-link interference may be present not only for the data channels, but also for the control channels. Optionally, only the neighbouring devices data transmission direction contrary in the same data channel, data channel interference will appear. On the contrary, it does not exist. This type of interference often occurs in mixed subframe/slot type scenarios.
For Figure2 (c), a typical scenarios is multiplexing of different traffic types such as URLLC and eMBB with different numerology. Due to the dynamic change of UL/DL transmission direction and frame/slot types, data channel and/or control channel interference may occur.
Based on above analysis, some data channel and/or control channel interference mitigation schemes should be studied in order to not degrade the gain obtain with dynamic DL/UL link transmission.
Proposal 1: Data channel and/or control channel interference mitigation schemes should be studied for dynamic TDD.
3 Sensing based scheme for dynamic TDD
In this section, we will introduce sensing based scheme for dynamic TDD, and application of sensing based schemes for different interference scenarios.
3.1 Sensing based scheme

The analysis from section 2 can be seen, with dynamic TDD, interference between DL and UL and/or interference between data and control is unavoidable. Interference management is crucial for dynamic TDD to provide performance improvement. 
To deal with the interference between DL and UL and/or interference between data and control, a sensing based scheme can be used for dynamic TDD. Two type of measurement can be considered as following:
1) One is energy detection (ED). This method is similar to LAA LBT. CCA can be performed before transmitting control channel or data channel. Therefore, it is an additionally important for the frame structure to allow some blank symbol to reserve. In addition, some new CCA schemes/rules need to be carefully studied.
2) Another kind is signal detection. It can detect the channel or signal of other nodes. Compared to the energy detection, the signal detection can obtain more information, which can be used to perform TDD operation more flexible.
In addition to the above methods, a mix of the energy sensing and signal detection can also be considered. For example, if the devices sense the channel is busy by the method of energy detection, then it can detect the channel/signal of other devices by the method of signal detection.

Compared to the other methods of interference mitigation, the sensing based schemes are relatively simple and easy to achieve. At the same time, it does not increase the signalling overhead and complexity. For example, coordination schemes e.g. coordinated beamforming/MIMO for interference mitigation will increase complexity, while advanced receiver will bring more signaling overhead and complexity. 
Based on this, we think it would be beneficial to have sensing based schemes as the baseline to further study the simplest and most effective interference mitigation methods.  
3.2 Application of sensing based schemes for different interference scenarios
Based on the analysis of section 2, the following will introduce sensing based correlation schemes in different interference scenarios.

For Figure2 (a), to deal with the cross-link interference between DL and UL data transmission, the devices can perform energy detection operation before actual data transmission. 

· If the sensed energy does not exceed the threshold value Th1, the channel is idle. We think the device can carry out the actual transmission on the expected resources.

· If the sensed energy is greater than the threshold value Th1 and not greater than the threshold value Th2, the current channel can be judged to be occupied by the device of the same system/operator so that the channel can be considered available for this device. Based on this, we think the device can carry out the actual transmission on the expected resources. 

· While if the sensed energy is greater than the threshold value Th2, channel can be judged to be busy and not to be transmitted or adjust transmission direction.
Furthermore, the device can also perform signal detection to identify some information such as UL/DL information, system identification, etc. Among them, the perceived device can send some measurement signals, such as preamble sequence, etc, to identify the cross-link interference level and interference source.
For Figure2 (b), cross-link interference may be present for the data channels and/or for the control channels. For the case of interference between data channel and control channel, the devices for transmitting control can perform sensing operation before the control channel. If sensed channel is idle, the device can sent the control information directly or send an identification signal to identify or provide some information to the neighbouring devices before actual transmission of control information. However, the device for transmitting data needs to have the ability to detect /identity interference and perform some operations of interference mitigation, e.g, blank resource aligned with control channel, reduce transmit power, etc. Preferably, the sensing detection threshold of the control channel is different from that of the data channel.  In addition, the location of the sensing operation of the data channel may be the first OFDM symbol of the data channel resource. 
For Figure2 (c), for the case of multiplexing of different traffic types such as URLLC and eMBB with different numerology, as we know, compared to eMBB, URLLC has a higher priority. Therefore, URLLC can be sent directly without sensing operation, while eMBB need to perform sensing operation in order to avoid interference for URLLC. Furthermore, both URLLC and eMBB can use the same sensing signal with the same numerology, by which eMBB devices can easily identify URLLC traffic, while the actual transmission use their respective numerology.

Proposal 2: In dynamic TDD, a sensing based scheme should be considered as a preferred method to reduce cross-link interference.

In high frequency scenario (e.g. 60GHz band), beamforming technology is an important candidate transmission mechanism. As we know, high frequency uses a narrow beam mode transmission message in order to make the signal energy concentration for the target user. This feature will probably bring a serious hidden nodes problem because the narrow beam is difficult to detect by neighbour users. Therefore, the device cannot determine whether this beam available. More details on it can be found in our contribution [4]. Based on this, there is a need to perform the sensing operation for the device before the beam information is transmitted on this beam. Furthermore, the design of the sensing signal can be considered to be further studied.
Proposal 3: In high frequency, sensing based scheme should be introduced in order to measure the interference in the narrow beam.
4 Conclusion 
In this contribution, we will discuss several interference scenarios and possible interference mitigation schemes (e.g., sensing based scheme) for dynamic TDD in NR. With the discussion, we have the following proposals:
Proposal 1: Data channel and/or control channel interference mitigation schemes should be studied for dynamic TDD.
Proposal 2: In dynamic TDD, a sensing based scheme should be considered as a preferred method to reduce cross-link interference.
Proposal 3: In high frequency, sensing based scheme should be introduced in order to measure the interference in the narrow beam.
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