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1 Introduction
In RAN1#88Bis, the following agreements [1] were achieved regarding cross-link interference mitigation for Duplexing.
Agreements:

· For cross link interference mitigation, 

· Further consider UE-UE measurement and reporting, and TRP-TRP measurement

· Details FFS, including at least the RS for measurement, the metric for measurement (e.g., RSRP), long-term vs. short-term, etc., especially considering consistency with other NR topics

· Aim in RAN1#89 to come up with detailed option(s) including potential down-selecting from the list concluded from the SI

· Once the detailed option(s) is available, decide whether or to support this feature 

· For the case of TRP-TRP measurement, study whether or not there is additional RAN1 specification impact

· Further consider other aspects, e.g., power control, sensing, timing related handling, etc.

Agreements:

· NR supports that at least the following information is provided among gNBs via backhaul signaling for the purpose of e.g., cross-link interference mitigation: 

· Indication of intended DL/UL transmission direction configuration

· FFS details
In this contribution, we share our views and provide some considerations on cross-link interference mitigation using channel sensing based schemes. 
2 General Discussion
Duplexing flexibility has been recognized as one of the key features to improve system performance, as it allows flexibility resource allocation among different transmission directions to adapt to the traffic variation. Therefore, cross-link interference (CLI), e.g. DL-to-UL interference and UL-to-DL interference, may occur as shown in Figure 1 in the case that neighboring cells use different transmission directions on the same or partially-overlapping time-frequency resources, which may lead to system performance degradation.
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Figure 1: Cross-link interference for dynamic TDD system
In addition to the above situation, it is worth noting that CLI may also exist in the following several aspects: 

Hidden node

CLI may appear in the case that the adjacent devices transmit/receive different link directions on the same time-frequency resources or time. To be specific, assume that UE1 was transmitting in UL, while the adjacent UE2 was receiving in DL. At this time, if there is nothing to mitigate CLI schemes, then the UL/DL performance will be seriously affected. 
Co-existence and/or multiplexing between different types of traffic
Different types of traffic transmitting in the same resources may cause CLI, e.g., multiplexing of eMBB transmitting in DL and URLLC transmitting in UL. As we known, URLLC has a higher priority than eMBB. Therefore, in order to ensure URLLC transmission preferentially, it is necessary to resolve interference problems between eMBB and URLLC.

Asynchronous/Synchronous network
For asynchronous network, there will still be CLI between UEs or gNBs, e.g., gNB1 and gNB2 are asynchronous 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. 

For a synchronous network, CLI may occur within slot(s)/subframe(s) due to the UL and DL transmission nodes did not know the transmission direction of each other in advance, so as to transmit data simultaneously. 
Multi-slots/subframes Aggregation

For the multi-slots/subframes aggregation case, the CLI still may exist. For example, assume that device1 transmit DL data in three consecutive slots/subframes(e.g., SF#n, SF#n+1, SF#n+2), while adjacent node2 only use two slots/subframes(e.g., SF#n, SF#n+1) for UL transmission. If device1 and device2 transmit data in slot/subframe#n without any interference mitigation scheme, then CLI will be unavoidable. Furthermore, compared to single-slot/subframe case, multi-slots/subframes aggregation case will make the interference issue more serious and complicated. 

Observation 1:  The study of CLI needs to consider the following several aspects:
· Hidden node

· Co-existence and/or multiplexing between different types of traffic
· Asynchronous/Synchronous network
· Multi-slots/subframes Aggregation

Based on the above discussion, we can see that the emergence of the CLI will unavoidably affect system performance to be some extent. Therefore, by using channel sensing based scheme for the cross-link interference mitigation (CIM) will help to improve the performance of duplexing flexibility, which has been demonstrated by the agreed observations in TR 38.802 [2]. Note that: more detailed simulation results can be found in our company’s contribution [3] [4]. Wherein, sensing schemes includes energy detection and signal recognition. 

Further, to enable gNB/UE to adopt channel sensing based schemes for CIM, some enablers need to be considered, such as CLI measurement and reference signal (RS) definition. However, considering the accelerated process of Rel-15 standardization, some agreed consensus on measurement and RS design for NR MIMO can be reused to meet the requirement of measurement and RS design in the channel sensing based schemes. In this way, it does not increase more standardization work, plus it also does not add the complexity of implementation to use sensing schemes mitigation CLI. For example, front-loaded demodulation reference signal (DMRS) can be considered to be used for the concerned UE-UE/gNB-gNB measurement signal. Alternatively, in order to support self-contained channel quality indicator (CQI) feedback, potential front-loaded channel state information reference signal (CSI-RS) can also be considered to be used for interference measurement. In addition, the basic pattern of the RS that is currently being discussed may also be used as the sensing pattern. Using such a basic RS pattern, gNB/UE can estimate the interference level and identify the interference link direction. 
Furthermore, for the existing frame structure in NR, the sensing schemes for CIM do not bring any additional specification effect. The only thing that needs to be done is to define/indicate the position of the sensing operation for the sensing based schemes.
To summarize, the sensing schemes would be a good selection choice to achieve CLI mitigation from the point of view of standardization effect and implementation complexity.
Observation 2: Considering the standardization effect and implementation complexity, a channel sensing based scheme can be seen as a good selection choice to mitigation CLI.
Proposal 1: The sensing based schemes should be standardized in Rel-15 for CLI mitigation.
3 Channel Sensing based Scheme for CLI Mitigation 
Based on the discussion and analysis of the pervious sections, the sensing based schemes can be regarded as a good candidate solution to mitigate CLI. At the same time, we should also be aware that LAA and Duplexing have different design goals. For example, for LAA, the objective is to pursue the fairness of inter-system coexistence (e.g., LAA and Wi-Fi, LAA and LAA). While for duplexing flexibility, the objective is to improve system performance. Therefore, in this section, we will introduce some possible enhancement schemes for channel sensing and the handling process of CLI.
3.1 Channel Sensing based Schemes
In this part, we will introduce the sensing based schemes from the following three aspects: slot structure, measurement and RS, and measurement threshold.

3.1.1 Slot Structure

From the agreed slot structure in NR we can see, as long as the gNB/UE knows the position of the sensing operation and what will be used as an entity to perform the sensing operation, the slot structure in NR can support/realize sensing based schemes. 
Perform channel sensing for gNB and UE
Considering how to avoid the hidden nodes problem, in addition to the transmitting nodes (e.g., gNB) performing the channel sensing operation before transmission, the receiving node (e.g., UE) should also perform the channel sensing operation before receiving the signal from the transmitting nodes (e.g., gNB) to evaluate itself surrounding interference level/degree. Optionally, the receiving node (e.g., UE) can send an indication signal to provide interference degree/level or measurement results to the transmitting node (e.g., gNB).
The position of sensing operation

Based on the agreed slot structure, the position of sensing operation can be located within the gap or at the beginning of data transmission. In the following section we will introduce possible position of sensing operation for different scenarios.
A. Sensing start position flexibility
For a synchronous system, due to this situation that simultaneous channel sensing is idle between a gNB1 transmitting in DL and a UE transmitting in UL to gNB2 may occur. Therefore, a new method need be considered to mitigate CLI, such as sensing start position flexibility. 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 evaluation for adjacent of transmission nodes which would reduce the risk of CLI, as shown in Figure 2.
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Figure 2: Sensing position randomization for synchronous system
B. Multi-sensing opportunity
For multi-slots/subframes aggregation scenarios, if the node perform channel sensing operation only before the first scheduled slot/subframe, this will cause a waste of transmission resources and degrade spectrum utilization efficiency and system performance due to channel sensing being 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.


[image: image3.emf]D

L

C

C

DL/UL data

Time unit(subframe or slot)

Sensing

Sensing


Figure 3: Multi-sensing opportunity for single slot/subframe scenarios
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Figure 4: Multi-sensing opportunity for multi-slots/subframes aggregation
Proposal 2: In order to mitigate CLI, the existing slot structure in NR can support channel sensing schemes, but need some additional information indication, such as the position of the sensing operation, the entity which performs the sensing operation, etc.
3.1.2 Measurements and RS

In order to support the sensing based scheme, the gNB/UE need to perform a measurement operation such as energy detect and/or signal recognition to obtain the interference condition. On the other hand, the measurement operation is actually the sensing operation. In addition, in order to be detected by the adjacent nodes, the gNB/UE needs to transmit a measurement signal. The following will further introduce some details on the measurement signal and measurement signal pattern that is also called RS pattern.
Measurement Signal

Based on the agreed consensus on measurement and RS design for NR MIMO, it is preferable to reuse similar design as present RS for UE-UE/gNB-gNB measurements, which can simplify the sensing schemes design and reduce UE complexity and specification effect. Hence, front-loaded DMRS/SRS/CSI-RS can be considered as a measurement signal that can be measured /detected by the adjacent node which supports measurement signal reception and measurements. In addition, the aggressor node or the victim node can be considered as an entity which transmits the measurement signal.
RS Pattern
In order to obtain accurately interference measurement results, it is necessary to introduce a new method such as zero power RS pattern. This method can not only detect all the interference, but can also only detect the expected interference for measurement nodes (e.g., sensing nodes). In addition, zero power RS pattern can also be used to identify the interference link direction and source. The following is a typical example of how to identify the interference link direction and source by sounding reference signal (SRS) pattern as shown in Figure 5. For example, assume that node1 is transmitting in DL and node2 transmitting in UL, zero power RS pattern of node2 is SRS comb 1and node2 transmits SRS in comb 0. Based on this, if node2 wants to obtain whether CLI exits, then it can perform measurement operation (e.g., sensing operation) in comb 1 (such as ZP-SRS pattern position). If channel sensing is idle on comb 1, then we think there is no risk of CLI. Otherwise, if channel sensing is not idle on comb 1, then we think there is risk of CLI. This method makes it easier using sensing schemes for mitigation of CLI. More details on measurement and RS design can be found in our company’s contribution [5].
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Figure 5: Sensing pattern/blank resource
Proposal 3: Measurements and RS for NR that have reached consensus can be reused to support sensing based schemes.
3.1.3 Measurement Threshold

For duplexing flexibility, it is important to set an appropriate measurement threshold considering that a measurement threshold will have a direct effect on the system performance improvement as well as the fairness of transmission opportunities for cross links or same links. So, to determine which measurement threshold would be suitable for duplexing flexibility needs to be studied and carefully evaluated. Some preliminary simulation results of different measurement thresholds for duplexing flexibility can be found in our company’s contribution [6], e.g., the following threshold can be used as a reference for the setting of measurement threshold such as -52dBm, -62dBm, -82dBm, etc. 
Proposal 4: In order to better support sensing based schemes, measurement thresholds should be further studied and carefully evaluated.

3.2 CLI handling
After CLI is identified/measured by the sensing based schemes, the interference can be handled in either a reactive or proactive way.
For the reactive way
Based on the sensing/measurement results, gNB can adjust the scheduling strategy and transmit power. For example, the gNB can avoid the scheduling of UL transmission during the time when strong CLI 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 CLI by sensing based schemes: as shown in Figure 8, gNB1 was transmitting in DL, gNB2 was receiving in UL. The UL UE served by gNB2 transmits a sensing/measurement signal within the gap section.  The DL gNB1detects sensing/measurement signal from UL UE of adjacent gNB2. If gNB1 detects an interference level that exceeds a predetermined threshold, then gNB1 can decrease the DL transmission power level of the DL slots to mitigate the cross-link interference, e.g. the neighbor gNB2 is receiving UL data on the same slot. Conversely, gNB can directly transmit the information.
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 CLI.
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Figure 6: A typical example of how to deal with CLI by sensing based schemes

Observation 3: The sensing based scheme can be used in combination with other CLI mitigation schemes.
4 Conclusion 
In this contribution, we share our views and some considerations on cross-link interference mitigation using channel sensing based schemes in order to efficiently support duplexing flexibility operation. With the discussion, we have the following proposals and observations:
Observation 1:  The study of CLI needs to consider the following several aspects:

· Hidden node

· Co-existence and/or multiplexing between different types of traffic
· Asynchronous/Synchronous network
· Multi-slots/subframes Aggregation

Observation 2: Considering the standardization effect and implementation complexity, a channel sensing based scheme can be seen as a good selection choice to mitigation CLI.

Proposal 1: The sensing based schemes should be standardized in Rel-15 for CLI mitigation.
Proposal 2: In order to mitigate CLI, the existing slot structure in NR can support channel sensing schemes, but need some additional information indication, such as the position of the sensing operation, the entity which performs the sensing operation, etc.
Proposal 3: Measurements and RS for NR that have reached consensus can be reused to support sensing based schemes.
Proposal 4: In order to better support sensing based schemes, measurement thresholds should be further studied and carefully evaluated.

Observation 3: The sensing based scheme can be used in combination with other CLI mitigation schemes.
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