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1 Introduction
In RAN#75 meeting, a new WID on NR was approved [1], the objectives are as following:

· Duplexing identified in Section 5.1 of TR38.802 supported by a PHY design common to paired and unpaired spectrum, including [RAN1, RAN2, RAN3]:

· Enablers for interference management mechanisms for handling cross-link interference.

· Note: down-selection on enablers for interference management mechanisms is to be discussed in RAN1
At 3GPP RAN1#87 meeting [2], the following agreement was reached regarding cross-link interference mitigation for Duplexing.
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
Furthermore, some conclusion has been agreed in RAN1 AH_NR#1 [3] and RAN1 #88 [4] meetings.
RAN1 AH_NR#1 Conclusion:

· 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
RAN1 #88 meeting Conclusion #1:
· Summarize the interference management schemes including specification impact, how/whether to categorize different schemes, etc, which is found in R1-1704005.
RAN1 #88 meeting Conclusion #2:
· Summarize the evaluation results for dense urban scenario based on the agreed framework from last meeting

· Summarize observations based on the evaluation results for dense urban scenario 
In this contribution, we share our view on channel sensing schemes in order to efficiently support duplexing flexibility operation. 
2 Discussion and Analysis
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 a cross-link resource conflict.
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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 issues 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 still be CLI 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. 

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., #n, #n+1, #n+2), while adjacent node2 only use two slots/subframes(e.g., #n, #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 issues between different types of traffic
· Asynchronous/Synchronous network
· Multi-slots/subframes Aggregation

To handle the above CLI issues, CLI mitigation schemes should be supported, e.g., sensing based scheme. 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, CLI can be seen as undesirable channel access collision between a gNB transmitting in DL and a UE transmitting in UL. To be specific, opportunistic resources utilization resulting in no or lower CLI can be achieved by sensing operation of gNB and/or UE. Based on this, for transmitting side, sensing operation can degrade interference for adjacent nodes. While for receiving side, it can protect itself from interference of adjacent nodes.
In addition, the sensing based scheme has been deeply discussed in SI stage and simulation results of different scenarios have been provided by some companies [5] [6] [7]. From the simulation results it can be observed that sensing based scheme can have substantial improvement on the system performance. Hence, to better mitigate CLI, the sensing based scheme should be further studied in the WI stage [8],
Proposal 1: To better mitigate CLI, the sensing based scheme should be further studied in WI stage.
3 Channel sensing scheme for cross-link interference avoidance 
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 schemes
Here, we will share four possible enhancement schemes for channel sensing to mitigate CLI.
Perform channel sensing at the transmitter and the receiverTo avoid hidden nodes problem, in addition to the transmitting nodes perform 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 interference level/degree. Optionally, the receiving node can send an indication signal to provide interference degree/level or sensing results to the transmitting node.
Sensing start position flexibility
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 flexibility can be considered to avoid CLI. 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 CLI, as shown in Figure 2.
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Figure 2: Sensing position randomization for synchronous system
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 degrade spectrum utilization efficiency 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
Sensing signal

In order to be detected by the adjacent nodes, it is necessary that a sensing signal is introduced and defined to measure interference or identify interference source. Among them, sensing signal transmission from one node can be measured /detected by another node which supports sensing signal reception and measurement. Typically, the sensing signal could be DMRS, SRS or CSI-RS, etc. In addition, the aggressor node or the victim node can be considered as an entity which transmits the sensing signal. 
Sensing pattern/blank resource 

In order to obtain accurately interference measurement results, it is necessary to introduce a new method such as sensing pattern/blank resource [9]. 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 0, then we think there is no risk of CLI. Otherwise, if channel sensing is not idle on comb 0, then we think that with the risk of CLI.

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.
CCA/Sensing Threshold

It is important to set an appropriate CCA/Sensing threshold for duplexing flexibility because CCA/sensing threshold will have a direct effect on the system performance improvement as well as the fairness of transmission opportunities for different or same links. So, to determine which CCA/sensing threshold to be suitable for duplexing flexibility needs to be studied and carefully evaluated. Some preliminary simulation results of different CCA/sensing threshold for duplexing flexibility as shown in Table 1.
Table 1: DL and UL Performance for dynamic TDD with different sensing Threshold

	Indoor

	Ratio of DL/UL traffic
	Feature
	DL UPT (Mbps)
	UL UPT (Mbps)

	
	
	5%-tile
	50%-tile
	95%-tile
	Mean
	Served / Offered (%)
	RU (%)
	5%-tile
	50%-tile
	95%-tile
	Mean
	Served / Offered (%)
	RU (%)

	2:1
Low Load
	-30dBm
	17.162
	125.166
	166.667
	120.182
	100.000
	3.352
	8.541
	119.853
	190.476
	105.024
	100.000
	2.109

	
	-42dBm
	15.277
	126.710
	166.667
	120.636
	99.867
	2.960
	13.622
	121.153
	190.476
	107.371
	100.000
	1.862

	
	-54dBm
	13.224
	122.753
	166.667
	117.198
	99.741
	2.932
	13.612
	121.473
	190.476
	106.493
	100.000
	1.752

	
	-62dBm
	7.534
	119.960
	166.667
	114.120
	100.000
	3.360
	6.319
	109.855
	190.476
	101.701
	99.719
	1.932

	
	-82dBm
	8.408
	115.055
	166.667
	110.899
	100.000
	3.371
	23.334
	112.837
	190.476
	101.786
	99.719
	1.756

	2:1
Medium

Load
	-30dBm
	22.028
	67.757
	116.236
	69.200
	99.457
	14.348
	1.796
	44.287
	115.439
	51.660
	99.850
	11.401

	
	-42dBm
	16.873
	55.982
	107.060
	59.554
	99.301
	14.780
	2.386
	42.271
	118.382
	49.728
	99.699
	10.077

	
	-54dBm
	10.263
	42.574
	84.196
	45.305
	98.836
	18.246
	2.351
	31.540
	100.789
	40.542
	99.267
	12.392

	
	-62dBm
	9.221
	39.314
	83.996
	42.448
	98.744
	20.980
	3.644
	34.766
	103.010
	42.869
	98.243
	12.248

	
	-82dBm
	9.589
	38.376
	81.761
	41.415
	98.603
	18.386
	5.598
	44.853
	105.750
	48.244
	99.267
	8.071

	2:1
High Load
	-30dBm
	5.472
	22.830
	65.934
	27.571
	97.231
	30.290
	1.275
	10.722
	61.612
	18.725
	94.267
	26.381

	
	-42dBm
	2.685
	16.766
	49.692
	19.870
	93.396
	34.568
	1.255
	9.549
	53.796
	16.444
	93.749
	25.249

	
	-54dBm
	2.418
	14.358
	47.256
	18.320
	93.059
	35.011
	1.413
	11.371
	50.944
	17.178
	95.111
	23.767

	
	-62dBm
	1.973
	14.160
	48.753
	34.434
	90.989
	35.700
	1.777
	16.391
	82.070
	25.157
	95.951
	16.815

	
	-82dBm
	2.633
	18.797
	64.608
	25.659
	94.927
	29.331
	1.966
	21.917
	73.779
	27.811
	93.909
	18.353

	Note:

· 𝜆 (files/s): 0.12, 0.2, 0.24.
· RU for a link direction (DL or UL) is defined as the amount of occupied resources for the given link direction divided by the total number of resources (irrespective of link directions).


Propose 2: In order to mitigate CLI, the following aspects of the channel sensing scheme should be considered:

· Perform channel sensing at the transmitter and the receiver 
· Sensing start position flexibility
· Multi-sensing opportunity
· Sensing signal
· Sensing pattern/blank resource
· CCA/Sensing Threshold
3.2 CLI handling
After CLI is identified/measured by sensing based 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 CLI 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 CLI by sensing based schemes, the node obtain some interference information by long term measurement. Furthermore, 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 CLI.
Observation 2: The sensing based scheme can be used in combination with other CLI mitigation schemes.
4 Conclusion 
In this contribution, we share our view on channel sensing 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 issues between different types of traffic
· Asynchronous/Synchronous network
· Multi-slots/subframes Aggregation
Proposal 1: To better mitigate CLI, the sensing based scheme should be further studied in WI stage.
Propose 2: In order to mitigate CLI, the following aspects of the channel sensing scheme should be considered:

· Perform channel sensing at the transmitter and the receiver. 
· Sensing start position flexibility.
· Multi-sensing opportunity.
· Sensing signal.
· Sensing pattern/blank resource.
· CCA/Sensing Threshold.
Observation 2: The sensing based scheme can be used in combination with other CLI mitigation schemes.
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