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Introduction
[bookmark: _Ref129681832]During RAN1#86bis, the following conclusion [1] was achieved on duplexing:
	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 


In this contribution, we discuss the necessity of interference sensing and measurement for cross-link interference mitigation in flexible duplex.
Discussion
[bookmark: _GoBack]For flexible duplex, 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. Mainly two cross link interference types (TRP-to-TRP, UE-to-UE) were discussed in detail in [2][3], which are common for unpaired and paired spectrum cases. Due to various deployment scenarios and flexible resource scheduling of NR, interference mitigation schemes based on different interference sensing and measurement should be considered for centralized/distributed coordination to deal with interference fluctuation. Thus, flexible interference sensing and measurement mechanism should be considered to assist some cross-link interference mitigation schemes for NR flexible duplex. Some simulation results are given in our companion contribution [4]. It is shown that sensing/measurement along with some power control mechanism can bring performance gains in flexible duplex.
Proposal 1: Flexible interference sensing and measurement mechanisms need to be supported for NR flexible duplex.
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Figure 1. Illustration of cross link interference in flexible duplex
Interference measurement on cross link
· UE-to-UE measurement
From [3] and [4], it can be seen that UE-to-UE interference will be a bottleneck for some flexible duplex scenarios (e.g. indoor). Thus based on some large scale UE-to-UE measurement including RSRP or coupling loss, coordinated scheduling and/or coordinated beam-forming can be used to avoid the strong UE-to-UE interference. To identify the UE-to-UE interference, one needs to define probing signal and/or resource for interference measurement and establish related inter-cell UE interference matrix. For example, in Figure 2, probing signal transmission from one aggressor UE can be measured by another victim UE which also supports probing signal reception, measurement and reporting. Typically, the probing signal could be SRS, DMRS or any other sequences.
Proposal 2: Probing signal based UE-to-UE measurement needs to be supported for NR flexible duplex.

[image: ]
Figure 2. Illustration of probing signal based UE-to-UE measurement

· TRP-to-TRP measurement
It is known that TRP-to-TRP interference will severely degrade uplink performance of victim TRP. It is necessary to introduce some specific TRP-to-TRP interference measurements to avoid the strong interference. On one hand, inter-TRP operations are always regarded as implementation issues which are transparent to UE. However, it should be noted that inter-TRP operation may cause some impacts on transmission and/or reception of access link. For example, access uplink reception will be blocked by the inter-TRP transmission which employs higher power. Thus access link and backhaul link coordination is necessary. As one illustration, some blank resource should be indicated by the corresponding TRP to access link to ensure the interference-free operation and hence improve the performance.
[image: ]
Figure 3. Illustration of TRP-to-TRP measurement impact on access link
Proposal 3: Blank resource for TRP-to-TRP transceiver duration needs to be supported for NR flexible duplex.
Interference sensing on cross link
Measurement mechanisms discussed in previous section are always based on pair-specific signal to identify the long-term interference level between one victim and aggressor UE pair. With this long-term interference information, coordination can be used to avoid the strong cross-link interference. However, coordination mechanism may be disabled in some scenarios including per-slot dynamic TDD with flash interference fluctuation, inter-operator adjacent channel cross-link interference without coordination. Thus, some advanced sensing and interference mitigation (e.g. avoidance) for unpredictable interference should be designed. For example, according to the predefined priority metric, UEs with DL scheduling send specific signal to reveal the interference meanwhile UEs with UL scheduling instantly sense the interference over specific measurement resource as illustrated in Figure 4. One issue is the sensing resource overhead including measurement and potential TX-RX transition gap. Thus, some advanced sensing mechanism with low overhead should be studied.


     
Figure 4. Illustration of interference sensing on cross link

Proposal 4: Advanced sensing mechanisms handling unpredictable interference condition needs to be supported for NR flexible duplex.
Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Based on all previous discussions on cross-link interference sensing and measurement, we have the following proposals:
Proposal 1: Flexible interference sensing and measurement mechanisms need to be supported for NR flexible duplex 
Proposal 2: Probing signal based UE-to-UE measurement needs to be supported for NR flexible duplex.
Proposal 3: Blank resource for TRP-to-TRP transceiver duration needs to be supported for NR flexible duplex.
Proposal 4: Advanced sensing mechanisms handling unpredictable interference condition needs to be supported for NR flexible duplex.
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