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1 Introduction
At 3GPP RAN1 #87 [1] and RAN1 AH_NR#1 [9] meetings, the following agreement and conclusions has been reached regarding cross-link interference mitigation for duplexing in NR.
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
RAN1 AH_NR#1 Conclusions:

· Companies shall provide the following information in RAN1#88 for analyzing interference mitigation schemes for TRP-to-TRP and/or UE-to-UE cross-link interference

· Gains provided by the considered interference mitigation scheme

· Potential specification impacts (not limited to RAN1) of the considered interference mitigation scheme

For dynamic TDD system, the cross-link interference appears only if multiple neighboring cells use different the transmission directions in the same time resources. Among them, cross-link interference includes UL-to-DL interference and DL-to-UL interference. Due to the existence of cross-link interference, the reception performance of Uplink or Downlink may severely degrade to some extent. Based on this, in this contribution, we provide our views and more detailed considerations on cross-link interference avoidance based on channel sensing scheme. In addition, preliminary simulation results for sensing based schemes to mitigate cross-link interference can be founded in our company’s contribution [2].
2 Discussion and Analysis
In Dynamic TDD system, cross-link interference shown in Figure 1 exists in the case that neighboring 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 undesirable channel access collision between a gNB transmitting in DL and a UE transmitting in UL. Hence, a cross-link interference mitigation schemes is to 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 detection energy and/or signal detection. Among them, more about the cross-link interference analysis for different scenarios can be founded in our company’s contribution [3].
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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, but still faces the following challenges:

· Hidden node problem
The transmitting nodes perform channel sensing before transmission, while the channel is judged to be idle, then it 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 have different interference situation. This is called the hidden node problem which becomes particularly serious in high frequency scenarios because high frequency usage narrow beam modes transmission message which makes it difficult to be detected by the neighbour nodes [4]. 
· 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 send 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 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 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 multi-slot/subframe can be considered to minimize the loss of transmission opportunity.
· CCA/Sensing Threshold

For LAA system, CCA/Sensing threshold is introduced in order to avoid interference to the neighbour nodes without considering the system performance. Among them, some details about simulation evaluation of different CCA threshold (e.g., -20dBm, -30dBm, -40dBm, -52dBm/20MHz) for two LAA network coexistence scenarios can be found in our company’s contribution [5]. While for dynamic TDD system, an appropriate CCA/Sensing threshold setting is more concerned with the performance improvement of the system, as well as the fairness of transmission opportunities between different and/or same links. Based on this, the value of the CCA/Sensing threshold used in flexible duplex needs to be further studied and carefully evaluated. Among them, the value of CCA/Sensing threshold for LAA can be used as a starting point for research.
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 to further evaluate or consider 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,    CCA/Sensing threshold, multiplexing issues between different types of traffic, to name a few.
3 Channel sensing scheme for cross-link interference avoidance 
In this section, we will introduce the sensing based interference measurements and sensing scheme to mitigate cross-link interference.
3.1 Sensing based interference measurements
To enable a proper handling of cross-link interference, the interference level should be accurately sensed or measured. Sensing based interference measurements can be done using long term measurements or short term measurements.
1. Long term based measurement
For long term based measurement, the cross-link interference can be handled by 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 the 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 able 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.
2. 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 Channel sensing scheme

Based on the discussion and analysis in section 2, we introduce four possible enhancements to consider for the channel sensing scheme to solve the above problems.
1. Both the transmitting nodes and the receiving node perform channel sensing

To avoid 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 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.
2. Introduce sensing pattern/blank resource 
In order to perform measurement interference accurately, a new method is introduced such as sensing pattern/blank resource. This way can not only detect all the interference, but also can only detect the expected interference for sensing nodes. In addition, 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 transmitting in UL, the pattern of UL transmission is SRS comb 0 and the pattern of DL transmission is SRS comb 1. Node2 perform 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 with the 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 DL transmission burst to identify link direction.
3. Sensing start position randomly

Due to the fact that simultaneous channel sensing is idle between a gNB1 transmitting in DL and a UE transmitting in UL to gNB2 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 gNB1 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, as shown in Figure 2.

[image: image2.emf]DL data

Time unit(subframe/slot)

CCA/

LBT

gNB1

UL data

CCA/

LBT

UE served 

by gNB2

Sensing start point

Sensing start point


Figure 2: Sensing position randomization for synchronous system
4. Multi-sensing opportunity

For multi-slots/subframes aggregation scenarios, if the node perform 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, as shown in Figure 3 and Figure 4.
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Figure 3: Multi-sensing opportunity for slot/subframe scenarios
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Figure 4: Multi-sensing opportunity for multi-slots/subframes aggregation
5. Sensing signal
In order to be perceived or detected by the adjacent nodes, one needs to define sensing signal for sensing measurement. Among them, sensing signal transmission from one node can be detected or measured by another node which supports sensing signal reception and measurement. Typically, the sensing signal could be DMRS, SRS or CSI-RS, etc.
Propose 5: In order to mitigate cross-link interference, the following enhancements for the channel sensing scheme should be considered:

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

· Sensing start position randomly
· Multi-sensing opportunity for slot/subframe
· Sensing signal
3.3 Cross-link interference handling
After the cross-link interference is identified or measured by sensing schemes, the interference can be handled in either reactive or proactive ways.
· For 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 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 the cross-link interference by sensing based scheme, the node obtain some interference information by long term measurement, in order to further evaluate current channel interference condition, the node can also performs instantaneous measurement before transmission. Based on this, according to the result of interference measurement, the node can be combined with others interference mitigation schemes such as power control and/or coordinated beamforming to better suppress/mitigate cross-link interference.
Observation1: In order to better mitigate cross-link interference, sensing based scheme and other cross-link interference mitigation schemes should be considered and used together.
4 Feasibility of sensing based scheme
Based on the above sections discussions, the opportunistic resource utilization resulting in lower cross-link interference can be realized by the sensing operation of the nodes (e.g., gNB and/or UE). In order to further evaluate the feasibility and/or gain of the channel sensing based scheme, the following four aspects should be investigated. 
1. Frame structure
In order to support sensing based schemes, it is important that the frame structure allows some blank time interval to be reserved before the data channel transmission. Some blank time interval can be used to perform the sensing operation.
2. Sensing signal

In order to be detected or sensed by the adjacent nodes, it is necessary that a sensing signal for interference measurement or identification interference source is introduced and defined.

3. Entity which performs the sensing operation
The transmitting nodes should perform the sensing operation before transmission. Among them, the transmission nodes can be a gNB or UE. However, in order to avoid the hidden node problem, the receiving nodes should also perform the sensing operation before reception. Based on this, a gNB and/or UE can be considered as a sensing entity.
4. Entity which transmit the sensing signal

The aggressor node or the victim node can be considered as an entity which transmits the sensing signal. Take the UE side as an example, in order to prevent the UE from being interfered by the adjacent UEs with DL scheduling, the aggressor UE can send the sensing signal to the adjacent UEs. On the other side, UEs with DL scheduling can send the sensing signal to reveal the interference meanwhile the UEs with UL scheduling can instantly sense the interference. Based on this, in order to mitigate interference or interference measurement, it is necessary to confirm which nodes (the aggressor node or the victim node) transmit the sensing signal.
Propose 6: To evaluate the feasibility and/or gain of the sensing based schemes, it should be feasible to further investigate several aspects such as frame structure, sensing signal, entity which performs the sensing operation, and entity which transmit the sensing signal to name a few.
5 Potential specification impacts
The potential specification impacts for the cross-link interference avoidance channel sensing based scheme are provided in Table 1. In addition, some detail can be founded in our company’s contribution [6 - 8].
Table 1: Channel sensing based cross-link interference avoidance scheme

	CLI Avoidance Scheme 
	Sensing-based CLI Considerations
	Enabler(s)
	Specification Impact

	Channel sensing
	1. Sensing pattern/blank resource
2. Sensing signal
3. Entity which performs the sensing operation

4. Entity which transmit the sensing signal

	Sensing based CLI measurements
· Long term measurement

· Statistical measurement   metrics, e.g., busy/idle rate of channel sensing
· Mainly used for adjusting DL-UL configuration semi-dynamically

· Short term measurement

· Instantaneous measurement metrics, e.g., clear channel assessment (CCA)-like detection
· Mainly used for performing DL-UL changing dynamically
Timing Offset measurements
· UE performs the CL timing offset operation

· Blank resource for time alignment, or for solving overlapping problems
· gNB performs the CL timing offset operation

· Blank resource for time alignment, or for solving overlapping problems

	Frame/slot structure

· Introduce sensing pattern/blank resource

· To sense the cross -link interference well, a time slot for sensing should be introduced in the subframe for NR. gNB/UE can perform the DL-UL interference sensing in the time slot dynamically. The time slot length can be related to the quality of service (QoS) or the priority of the traffic. The higher priority traffic has the shorter time slot compared with the lower priority traffic. 
Sensing signal

· Introduce a sensing signal for interference measurement or identification interference source
Statistical Measurement
· Introduce a busy rate of channel sensing (Rbusy) parameter. If Rbusy of a slot is high at a certain period, it would indicate that the slot is facing serious interference or high load. Base on the Rbusy measurement, gNB can perform DL-UL changing or adjust the scheduling. Rbusy can be defined as the rate of CCA being busy during the predefined time length and/or at a certain period.
· To measure statistical interference/load of its UL subframe/slot, a new RSSI-UL parameter needs to be introduced. The new RSSI-UL parameter can be defined as a measurement in which a UE is configured to perform RSSI measurement on its UL subframe/slot and report the RSSI-UL to TRP. Then, TRP can use the RSSI-UL to determine whether the subframe/slot is being used for DL by the neighbour cell. Accordingly, some thresholds of RSSI-UL would also need to be introduced. 

· RSRP also faces the same problem and a similar method can be used by introducing e.g. RSRP-UL. In addition, the reference signal (RS) could be used as the measurement reference for RSRP-UL.

Instantaneous measurement 
· Introduce energy detection (ED). It means to measure the instantaneous interference level and is similar to licensed assisted access (LAA) LBT. 

· Introduce signal detection. It can be used to detect the channel/RS or signal of the other nodes. Compared with the energy detection, the signal detection can obtain more information (e.g. identify aggressor), which can be used to perform TDD operation more flexible.

· This  kind of measurement is used to detect some predefined RS signal transmitted by other gNB/UE, these signals can carry some information, such as cell/UE ID or transmission direction information, by which the gNB/UE can identify the aggressors or cross-link interference (CLI)/non-CLI type. The CLI measurement signals can reuse the RS used for other purposes such as demodulation reference signal (DMRS), channel state information reference signal (CSI-RS) or sounding reference signal (SRS).




6 Conclusion 
In this contribution, we will provide our view and more detailed consideration on cross-link interference avoidance based on channel sensing schemes for dynamic TDD in NR. With the discussion, we have the following proposals:
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,    CCA/Sensing threshold, 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 enhancements for the channel sensing scheme should be considered:

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

· Sensing start position randomly
· Multi-sensing opportunity for slot/subframe
· Sensing signal
Observation1: In order to better mitigate cross-link interference, sensing based scheme and other cross-link interference mitigation schemes should be considered and used together.

Propose 6: To evaluate the feasibility and/or gain of the sensing based schemes, it should be feasible to further investigate several aspects such as frame structure, sensing signal, entity which performs the sensing operation, and entity which transmit the sensing signal to name a few.
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