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1 Introduction
In 3GPP RAN1 #87 [1] meetings, some issues of duplex were discussed and concluded. Relevant information is as follows.
RAN1 #87 Agreements: 
· At least following schemes are identified to be further studied aiming to mitigate cross-link interference with and without the assumption on inter-cell coordination:

· Advanced receiver for interference cancellation/suppression 

· RS design (e.g. symmetric RS) and timing alignment between DL and UL 

· Sensing/measurement scheme (e.g. LBT-like, OTA measurement if any, etc.)

· Power control and coordinated schemes (e.g. coordinated beamforming/scheduling, OTA signalling if any, etc.)

· Link adaptation

· Strive for common cross-link interference mitigation schemes for both paired and unpaired spectrum.

· For further study of measurements of cross link interference (CLI), aim for (if possible) reusing a physical reference signal used for other purposes 

· The need to enable CLI measurement should be taken into account when designing the RS which is also to be used for CLI measurement

· Study metric(s) to be used for CLI measurement, e.g., RSRP

· Physical reference signal used for CLI measurement aim for the same type for DL & UL (e.g. DM-RS type, CSI-RS type, etc.)

· To support CLI measurement, RS of a UE or a TRP aim to be received by another UE or another TRP
In the dynamic TDD operation, the transmission directions of time resources among multiple neighbouring cells can be dynamically changed. This can cause the cells to suffer from a type of interference the neighbour BSs are 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. In this contribution, we discuss and analyze existing problems and possible interference mitigation schemes (e.g., sensing based scheme) for dynamic TDD in NR.
2 Discussion and Analysis
In the Dynamic TDD system, cross-link interference shown in Figure 1 exists in the case of the neighbouring cells use different transmission directions on the same or partially-overlapping time/frequency resources which lead to a cross-link resource conflict. It is well known that sensing/LBT-like based mechanisms has proven to be an effective distributed protocol for minimizing channel access collision for spectrum sharing scenarios, e.g. Wi-Fi, LAA, etc. So, cross-link interference can be seen as an undesirable channel access collision between a gNB transmitting in DL and a UE transmitting in UL. Hence, cross-link interference mitigation schemes require the transmitting nodes to perform channel sensing before transmission. To avoid DL-to-UL interference, gNB should perform the channel sensing, whereas to avoid UL-to-DL interference, UE should perform the channel sensing. Similar to licensed assisted access (LAA), channel sensing includes energy detection and/or signal detection.
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Figure 1: Cross-link interference for dynamic TDD system

Although a similar LAA channel sensing schemes can mitigate cross-link interference to some extent, it still faces the following challenges:

· Hidden node problem
The transmitting nodes perform channel sensing before transmission, while the channel is judged to be idle, it then starts to transmit to the receiving node. Without channel sensing operation at the receiving node side, the collision/interference between nodes receiving in DL and adjacent node transmitting in UL would be unavoidable because the transmitting side and the receiving side would have a different interference situation. This is called the hidden node problem which becomes particularly serious in high frequency scenarios because of the high frequency usage narrow beam modes transmission message which makes it difficult to be detected by neighbor users [2].
· Co-existence and/or multiplexing issues between different types of traffic with different numerologies 
Different types of traffic transmitting in the same resources may cause cross-link interference especially multiplexing of eMBB transmitting in DL and URLLC transmitting in UL. As we known, compared to eMBB, URLLC has a higher priority. Therefore, URLLC can be sent directly without sensing operation, while eMBB need to perform sensing operation. Furthermore, in order to avoid interference for URLLC, eMBB nodes need to be able to identify URLLC traffic. Therefore, how to identify/design URLLC signal should be studied for eMBB node detection/sensing.
· Asynchronous / Synchronous network
For asynchronous network, there may still be cross-link interference between UEs or gNBs, e.g., gNB1 and gNB2 are asyn and the timing of gNB1 is ahead of gNB2, the DL signal in subframe n+1 sent by gNB1 will interfere the UL signal in subframe n sent by gNB2. In order to avoid interference, gNB2 should transmit sensing signal to receive and identify for gNB1.
For a synchronous network, the cross-link interference may occur within slot(s)/subframe(s) because the UL transmission of the node and the DL transmission of the node perform channel sensing idle at the same time. Based on this, we think that further evaluation as to whether the existing LBT mechanism can fully detect the cross-link interference is needed.
· Multi-slots/subframes Aggregation

For the multi-slot aggregation case, the cross-link interference still may exist. For example, node1 transmit DL data in continuous three slots/subframes, while adjacent node2 only transmit two slots/subframes. If the DL data transmission for node1 is sensed by the adjacent node2 to be absent, node2 transmits in the uplink with one slot/subframe without the risk of incurring cross-link interference. Otherwise, node2 will give up the uplink transmission all together. This will lead to the waste of resources. At the same time, it may also affect the efficiency of spectrum utilization and system performance to some extent. Based on this, more sensing opportunity within the multi-slot/subframe should be considered to minimize the loss of transmission opportunity.
Based on the analysis, LAA-like channel sensing schemes should be considered to mitigate cross-link interference to some extent. However, there is still a need for further evaluation or consideration for the above problems.
Propose 1: LAA-like channel sensing schemes should be considered to mitigate cross-link interference to some extent, but there is still a need to further evaluate or consider some problems such as hidden node and multiplexing issues between different types of traffic to name a few.
3 Sensing based scheme for dynamic TDD
In this section, we will introduce sensing based interference measurement and enhanced sensing schemes to mitigate cross-link interference.
3.1 Sensing based interference measurement
To enable a proper handling of cross-link interference, the interference level should be accurately sensed or measured. Sensing based interference measurement can be done in a long term basis or short term basis.
· Long term based measurement
For long term based measurement, the cross-link interference can be handled by a statistical measurement value, e.g., busy/idle rate of channel sensing. For example, if the ratio of the channel sensing idle/busy is greater than a threshold value, then the slot(s)/subframe(s) is without/with serious interference. For this method, the interference may come from multiple adjacent nodes which could use different transmission directions in which such a statistical value is not able to identify the interference link direction and the interference source thus is not sufficient. Therefore, a statistical measurement signal for channel sensing needs to be introduced in order to identify the interference link direction and source.
Propose 2: To mitigate cross-link interference, a statistical measurement value should be introduced, e.g., busy/idle rate of channel sensing.
Propose 3:  A measurement signal for channel sensing should be introduced to identify the interference link direction and source.
· Short term measurement
For short term measurement, the node measures the interference more frequent and use the instantaneous measurement results as an input to the dynamic scheduling. For example, the node performs channel sensing immediately before each transmission. Based on this, the node competes for the instantaneous channel sensing for optimal transmission, e.g., adjust transmission link direction or transmit power, etc. Similar to LAA, the fairness in measurement and resource competing mechanism need to be considered. Therefore, it is necessary to optimize or enhance existing sensing/LBT-like mechanisms. 

Propose 4: The existing sensing/LBT-like mechanisms should be optimized or enhanced for duplexing. The fairness and spectrum efficiency should also be carefully evaluated.
3.2 Enhanced sensing schemes

Based on the discussion and analysis in section 2, we introduce four possible enhanced sensing schemes for consideration.
Both the transmitting nodes and the receiving node perform channel sensing
To avoid the hidden nodes problem, in addition to the transmitting nodes performing the channel sensing operation before transmission, the receiving node should also perform the channel sensing operation before receiving the receive signal from the transmitting nodes to evaluate itself surrounding the degree of  interference. Optionally, the receiving node can send an indication signal to provide interference degree/level or sensing results to the transmitting node.
Introduce sensing pattern/blank resource
In order to perform measurement interference accurately, a new method can be introduced such as the sensing pattern/blank resource. This method can not only detect all the interferences, but can also detect the expected interference for sensing nodes. In addition, the sensing pattern/blank resource can also be used to identify the interference link direction and source. Among them, the different link direction can configure different sensing pattern which refer to sounding reference signal (SRS) pattern. For example, assume that node1 is transmitting in DL and node2 is transmitting in UL, the pattern of the UL transmission is SRS comb 0 and the pattern of DL the transmission is SRS comb 1. Node2 performs the sensing operation on a predefine pattern before transmission. If channel sensing is idle on comb 1, then we think there is no risk of incurring cross-link interference. Otherwise, if channel sensing is not idle on comb 1, then we think that there is a risk of incurring cross-link interference.
Another way is to use reserve blank resources for adjacent nodes interference measurement. Blank resources can be reserved in the UL transmission burst or the DL transmission burst to identify the link direction.
Sensing start position randomly

Due to the fact that simultaneous channel sensing is idle between a gNB transmitting in DL and a UE transmitting in UL for a synchronous system, the method of sensing the start position dynamically can be considered to avoid cross-link interference. This means that the mitigation of collisions between a gNB transmitting in DL and a UE transmitting in UL on the same or partially-overlapping time/frequency resources can consider the method of randomizing channel sensing starting position to realize interference evaluate for adjacent transmission nodes which reduce the risk of cross-link interference.
Multi-sensing opportunity

For multi-slots/subframes aggregation scenarios, if the node performs the channel sensing operation only before each scheduled slot/subframe, this will cause a waste of transmission resources and lower the efficiency of spectrum utilization and system performance due to channel sensing busy and give up the uplink/downlink transmission all together. Therefore, to minimize the loss of transmission opportunity, multi-sensing opportunity for slot/subframe scenarios or multi-slots/subframes aggregation scenarios can be introduced and configured by gNB.
Propose 5: In order to mitigate cross-link interference, the following enhanced sensing schemes should be considered:

· Both the transmitting nodes and the receiving node perform channel sensing
· Introduce sensing pattern/blank resource

· Sensing start position randomly
· Multi-sensing opportunity
3.3 Cross-link interference handling
After the cross-link interference is identified or measured by the sensing schemes, the interference can be handled in either reactive or proactive ways.
· For the reactive way: The gNB can avoid the scheduling of UL transmission during the time when strong cross-link interference is measured from adjacent gNBs. In addition, the gNB can also inform the scheduled UE to promote transmit power. 

· For the proactive way: The gNBs can exchange the necessary information (e.g. numerology, transmit power, intended usage of the DL/UL, etc) beforehand and make an optimal scheduling decision accordingly.

The following is a typical example of how to deal with cross-link interference using a sensing based scheme. The node obtain some interference information by a long term measurement, in order to further evaluate current channel interference condition, the node can also perform a instantaneous measurement before transmission. Based on this, according to the results of the interference measurement, the node can be combined with other interference mitigation schemes such as power control and/or coordinated beamforming to better suppress/mitigate cross-link interference.

Observation 1: In order to better mitigate cross-link interference, a sensing based scheme and other cross-link interference mitigation schemes can be considered and used together.
4 Conclusion 
In this contribution, we discussed and analyzed the existing problems and possible interference mitigation schemes (e.g., sensing based scheme) for dynamic TDD in NR. Based on the discussions and analysis, we have the following proposals and observation:
Propose 1: LAA-like channel sensing schemes should be considered to mitigate cross-link interference to some extent, but there is still a need to further evaluate or consider some problems such as hidden node and multiplexing issues between different types of traffic to name a few.
Propose 2: To mitigate cross-link interference, a statistical measurement value should be   introduced, e.g., busy/idle rate of channel sensing.

Propose 3:  A measurement signal for channel sensing should be introduced to identify the interference link direction and source.
Propose 4: The existing sensing/LBT-like mechanisms should be optimized or enhanced for duplexing. The fairness and spectrum efficiency should also be carefully evaluated.
Propose 5: In order to mitigate cross-link interference, the following enhanced sensing schemes should be considered:

· Both the transmitting nodes and the receiving node perform channel sensing
· Introduce sensing pattern/blank resource
· Sensing start position randomly
· Multi-sensing opportunity
Observation 1: In order to better mitigate cross-link interference, a sensing based scheme and other cross-link interference mitigation schemes can be considered and used together.
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