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1 Introduction
In RAN1#88bis meeting, the following agreements [1] were achieved on Duplexing:

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 RAN1#89 meeting, the following agreements [2] were achieved on Duplexing:

Agreements:
· Companies are encouraged to provide more details on and to further evaluate enablers for CLI management using an existing RS covering UE-to-UE interference 

· Details for the enablers, including:

· detailed configurations (RS time/frequency positions, periodicity, # of ports, bandwidth, etc.)

· detailed reporting 

· performance metrics

· long-term and/or short-term

· timing offset considerations

· overhead

· whether or not to identify the aggressor(s)

· whether or not to use the same framework as in MIMO (if so, how)

· Aim to make a decision whether or not to support CLI management using an existing RS covering UE-to-UE interference in the next RAN1 meeting and if so, the details

· Companies are encouraged to provide more details on and to further evaluate enablers for CLI management using an existing RS covering TRP-to-TRP interference.
This contribution further discusses cross-link interference (CLI) measurements and how they are used with the 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 of 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 gNBs cells or inter-cell UEs use different transmission directions on the same or partially-overlapping time-frequency resources. 
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Figure 1: Cross-link interference for dynamic TDD system
Without careful management of the interference between different links, system performance of duplexing flexibility will deteriorate as shown in TR 38.802 [3] and in our system simulation contribution [4][5].  Furthermore, from the simulation results we provided it showed that the channel sensing based scheme will help to improve the system performance and mitigate CLI.

In order to realize the channel sensing based schemes for CLI mitigation, there are at least two processes that need to occur: 1) the first one is to semi-statically update configuration information, e.g., sensing threshold and 2) the second one is to dynamically schedule the processes. These two processes both need enablers, e.g., measurements. These measurements are needed to capture UE-to-UE interference and/or TRP-to-TRP interference in order to mitigate CLI. Based on this, in order to better support channel sensing based schemes for CLI mitigation, these measurements and their uses will be described. Wherein, the measurements include short-term measurements and long-term measurements.

2.1 Channel sensing based on one-shot RSSI measurement
As is described in TS 36.214 specification, the definition of received signal strength indicator (RSSI) is that the linear average of the total received power observed only in certain OFDM symbols of measurement subframes, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc. While for listen-before-talk /clear channel assessment (LBT/CCA), it also has the same physical meaning with RSSI. By using one-shot cross link reference signal received power / cross link received signal strength indicator (CL-RSRP/CL-RSSI), UE can obtain more information, e.g. UE can identify the aggressors or CLI/non-CLI type. This information can be used for performing CLI mitigation schemes more effectively. Based on this, one-shot CL-RSSI can be used as a measurement metric to satisfy the demand of measurement for channel sensing based schemes.
2.2 Long-term Measurement
Long-term measurement is based on the assumption that the network topology (e.g. links, nodes), traffic and the channel changing slowly or following a certain pattern so that the measurement conducted in the past can be applied to schedule the current transmission. In addition, the measurement and reporting does not tie with any specific data transmission occurrence. For this type of measurement, the gNB/UE can obtain the statistical interference level and channel state of large scale property. Wherein, such interference may come from multiple neighbour gNBs and/or inter-cell UEs which could use different transmission direction. Based on this, there is a need to define a reference signal (RS) for TRP-to-TRP and UE-to-UE interference measurement to identify the interference link direction and source and interference level. However, for RS, it is desirable to use existing RS as the starting point, e.g., CSI-RS for TRP-to-TRP interference measurement and SRS for UE-to-UE interference measurement. Here, CSI-RS includes non-zero power (NZP) CSI-RS and zero power (ZP) CSI-RS that have been agreed under the topic of “MIMO CSI-RS”. In a similar manner, SRS can also reuse or refer to this conclusion/agreement on CSI-RS. This is to say, SRS including non-zero power (NZP) SRS and zero power (ZP) SRS can also be used for UE-to-UE interference measurement. Detailed on CSI-RS (e.g., ZP CSI-RS, NZP CSI-RS) and SRS (e.g., ZP SRS, NZP SRS) can be found in our company’s contribution [6]. Furthermore, measurement metrics can consider using CL-RSSI and CL-RSRP to assess interference condition.
Proposal 1: Support CSI-RS, including ZP CSI-RS and NZP CSI-RS for TRP-to-TRP interference measurement.
 Proposal 2: Support SRS, including ZP SRS and NZP SRS for UE-to-UE interference measurement.
Furthermore, for long-term measurement, there are two options for the procedure. Option 1 is that neighbouring cells exchange the information of RS and/or intended UL-DL slot pattern configuration for measurement via backhaul signaling. Especially, a cell with UL receiving can transmit RS configuration of neighbouring cells to UE under the cell in order for UE-to-UE interference measurement. Herein, the occurrence time of CSI-RS and SRS from different cells may be different so that a cell want to measure the cross-link interference from others cells, it can perform the measurement operation because it has knowledge of where to send the RS and when to measure the RS. However, one issue that need to be considered is that the measured RS could be contaminated by data from others cells. This would degrade the accuracy of the measurement. One solution is that other cells can reserve or blank the position of RS in the corresponding data area. Option 2 is to define a measurement period or an aperiodic measurement time/slot. In the measurement time/slot, the cell could send or measure cross-link interference RS.
It is worth noting that for UE-to-UE interference measurement, UE can report its own measurement results to the servicing cell. Reporting method can be similar to the reporting mechanisms of the current MIMO CSI framework, or can report the measurement results of CL-RSSI and/or CL-RSRP. Detailed on reporting methods can be found in our company’s contribution [6].
Through the above description of the measurement and reporting process, gNB can adjust measurement threshold of the subsequent measurement time unit based on RS measurement results. To be specific, the adjustment of measurement threshold is based on CL-RSSI and/or CL-RSRP. Wherein, CL-RSSI and/or CL-RSRP can be used to obtain the network load conditions. Furthermore, the load of the network is related to frequency reuse factor. Actually, the size of measurement threshold directly reflects the situation of frequency reuse in different loads. Based on this, to better support sensing based schemes for mitigation CLI, 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. 
Proposal 3: In order to better support sensing based schemes, measurement thresholds can be adjusted based on the long-term measurement results (e.g., CL-RSSI and/or CL-RSRP). Specifically, adjustment way of measurement thresholds could be further studied or evaluated.

In addition, overhead of RS transmission, overhead of measurement and exchange information signalling are worthy of concern for long-term measurement design. 
2.3 Short-term Measurement
Short-term measurement is to emulate the interference that is going to be experienced in its corresponding data transmission. As described in section 2.1, measurement based on one-shot CL-RSSI can be used to assess interference conditions of current channel. Based on this, to better support sensing based schemes, some designs on CL-RSSI measurement configuration is necessary to be further enhanced or optimized, e.g., time-domain resources of measurement, frequent-domain resources of measurement to name a few.  Detained on frequent-domain measurement resources (e.g., ZP SRS/CSI-RS, NZP ZP SRS/CSI-RS) can be found in our company’s contribution [6]. The following will discuss the design of time-domain measurement resources (e.g., corresponding to slot structure part) and entity which performs measurement operation for sensing based schemes:
· Slot structure

From the agreed slot structure in NR we can see that it is can satisfy the demand of sensing operation as shown in Figure 2. Wherein, the gap between DLCC and DL/UL data can be used to perform short-term measurement. Therefore, the existing slot structure can be directly reused to support short-term measurement for sensing based schemes.
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Figure 2: DL-dominant (left) and UL-dominant (right) slot structure
Furthermore, for some special scenarios, we can also consider the following ways:
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 perform short-term measurement for gNB/UE, 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 3.
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Figure 3: Sensing position randomization for synchronous system
B. Multi-sensing opportunity
For multi-slots/subframes aggregation scenarios, if the node performs short-term measurement for 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 4 and Figure 5.
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Figure 4: Multi-sensing opportunity for single slot/subframe scenarios
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Figure 5: Multi-sensing opportunity for multi-slots/subframes aggregation
· Entity which performs sensing
Considering how to avoid the hidden nodes problem, in addition to the transmitting nodes (e.g., gNB) performing short-term measurement for the channel sensing operation before transmission, the receiving node (e.g., UE) can also perform short-term measurement for 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 report measurement results to the transmitting node (e.g., gNB) so that gNB adjusts corresponding transmission or scheduling strategy.
On the other side, gNB/UE can decide whether to perform short-term measurement according to predefined UL-DL configuration pattern. For example, predefined UL-DL configuration pattern is D U D D D U U D U as shown in Figure 6. A gNB with UL transmission can directly transmit data in predefined UL slot, while for predefined DL slot, if gNB with UL transmission want to send data, then it need to perform short-term measurement for sensing based schemes before data transmission. If the interference level is larger than default threshold value, then gNB give up transmission UL data and vice versa. In the same way, if gNB plans to transmit DL data in the predefined UL slot, it also needs to perform short-term measurement for sensing based schemes before data transmission in order to assess the current interference level. However, in the DL slot, gNB can directly transmit data. Optionally, gNB with DL transmission or gNB with UL transmission performs short-term measurement in the DL and UL slot respectively.
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Figure 6: An example of short-term measurement for sensing based schemes

Proposal 4: For short-term measurement, the existing slot structure can be reused to support sensing based schemes to mitigate cross-link interference. But some additional information indication is needed, such as the position of the sensing operation, the entity which performs measurement/sensing operation, etc.
3 Conclusion

As the summary of this contribution, we propose the following: 
Proposal 1: Support CSI-RS, including ZP CSI-RS and NZP CSI-RS for TRP-to-TRP interference measurement.

 Proposal 2: Support SRS, including ZP SRS and NZP SRS for UE-to-UE interference measurement.
Proposal 3: In order to better support sensing based schemes, measurement thresholds can be adjusted based on the long-term measurement results (e.g., CL-RSSI and/or CL-RSRP). Specifically, adjustment way of measurement thresholds could be further studied or evaluated.

Proposal 4: For short-term measurement, the existing slot structure can be reused to support sensing based schemes to mitigate cross-link interference. But some additional information indication is needed, such as the position of the sensing operation, the entity which performs measurement/sensing operation, etc.
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