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Introduction
It was agreed in RAN1#86 that the NR should allow TDD operation on an unpaired spectrum where the transmission direction of most time resources can be dynamically changing. In RAN1 #86bis [2], duplexing issues were discussed with the following conclusion and agreement.
	Conclusion:
· Continue study considering some or all of the following aspects:
· Deployment scenarios/bands, same-/cross-operator considerations
· Resource assignments and rate adaptations
· Frame structure and HARQ/scheduling timing
· Measurements for cross-link interference management
· Signalling (e.g., OTA, backhaul, UE capability, etc.)
· Cross-link interference management (IC/IS, power control, etc.)
· Centralized vs. distributed interference/resource management
· Beamforming/MIMO
· Duplex modes (e.g., FDD/TDD, FDM/TDM, etc.)
· Latency reduction
· Whether or not LTE interference/resource management can be used as a starting point (as applicable)
· Sensing
· RS design
· Advanced receiver
· Timing alignment between DL and UL 

Agreements:
· Strive for a common framework for cross-link interference mitigation schemes for both paired and unpaired spectra



In this contribution, we focus on cross-link interference (CCI) management for dynamic TDD (or more generally uncoordinated TDD [2]). In particular, we discuss an approach to avoid cross-link interference through dynamic channel sensing.
Cross-link interference avoidance via channel sensing
The issue of cross-link interference as a result of dynamic TDD or uncoordinated have been discussed extensively [2][4]. In [6] a CCI mitigation scheme based on network coordination is presented. As NR is required to address a wide range of deployment scenarios, deployment scenarios where backhaul coordination is not possible or is limited (e.g. backhaul with large or unreliable latency, or multi-operator scenarios), CCI mitigation schemes that rely on less/limited network coordination can be considered to reap the benefits of dynamic TDD.  
Listen-before-talk (LBT) has proven to be an effective distributed protocol for minimizing channel access collision for LAA and Wi-Fi. 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 CCI mitigation approach is to require the transmitting node to perform channel sensing before transmission. To avoid DL-to-UL interference, the gNB should perform the channel sensing, whereas to avoid UL-to-DL interference, the UE should perform the channel sensing. Similar to LAA, channel sensing can be based on energy detection as the baseline for simplicity. 
Figure 1 illustrates a conceptual example of how UL-to-DL interference can be avoided by requiring the aggressor UE to perform channel sensing (CCA) before UL transmission. The channel sensing period should coincide with a potential DL data transmission. If DL data transmission is sensed by the UE to be absent, the UE transmits in the uplink with full duration without the risk of incurring CCI; otherwise, the UE defers UL transmission or aborts the UL transmission all together. In the example shown in Figure 1, the UE defers transmission until the time where UL regions are aligned. Other behaviour when the channel is not sensed to be idle can be considered as well. If there can be multiple PDSCH durations per SF, multiple CCA opportunities per SF can be configured by the gNB to minimize the loss of transmission opportunity. An example is shown in Figure 2. 



Figure 1: Example LBT based CCI avoidance (single CCA per SF)




Figure 2: Example LBT based CCI avoidance (multiple CCAs per SF)
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Observation: LBT based CCI avoidance for dynamic TDD can be beneficial for deployment scenarios where tight network coordination is not possible or is limited. 

Proposal: LBT based CCI avoidance for dynamic TDD should be further studied for NR.

Another issue for further study is how the receiver can be informed of the transmitter’s decision to abort or defer transmission. This is important to avoid HARQ buffer corruption and save UE power even in DL as PDCCH may not be subjected to LBT as in LTE LAA. Further discussion of this issue can be found in our companion contribution [7].
Conclusions
This contribution considered LBT based CCI avoidance for dynamic TDD. In particular, the following are proposed. 
Observation: LBT based CCI avoidance for dynamic TDD can be beneficial for deployment scenarios where tight network coordination is not possible or is limited. 

Proposal: LBT based CCR avoidance for dynamic TDD should be further studied for NR.
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