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1. Introduction

In RAN1 NR-AdHoc [1], the following conclusion was agreed for clarifying which information on the cross-link interference mitigation scheme should be provided to be captured in TR:

	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


In this contribution, we share our view on power control and sensing in order to efficiently support duplexing flexibility operation.

2. Discussion on power control 
One of possible mechanisms to mitigate cross-link interference resulting from duplexing flexibility operation is DL/UL power control. Since DL/UL power control is closely related with DL/UL performance and UE’s battery consumption, it should be necessary to have further discussion on (a) whether/which coordination information needs to be exchanged among gNBs via backhaul/over-the-air signaling and/or (b) which entity needs to perform DL/UL power control. For example, gNB can inform neighbor gNB of several information such as intended DL/UL transmission direction configuration (e.g., which can be dynamically changed based on the (pre)configured periodicity), resource needed to be highly protected for some essential LTE channels/signals (e.g., control/broadcast channel, synchronization signal), resource with fixed DL/UL transmission direction, etc. Based on the exchanged information, the reference DL/UL transmission direction configuration can be determined (or negotiated) and shared among coordinated gNBs. As an alternative, it can be simply set to the baseline DL/UL transmission direction configuration (e.g., like SIB1 TDD UL-DL configuration in LTE) semi-statically assigned for NR (without duplexing flexibility operation). This information can be also used to determine e.g., which entity needs to perform DL power reduction (e.g., for mitigating DL-to-UL interference) and/or which entity may need to configure UL power boosting (e.g., for overcoming DL-to-UL interference). To be specific, in a slot where the transmission direction of reference configuration is “UL”, gNB with having “DL” direction needs to reduce its own DL power (depending on the existence of other gNBs with having “UL” direction at the same slot). On the other hands, in this example case, gNB with having “UL” direction may need to configure UL power boosting (depending on the existence of other gNBs with having “DL” direction at the same slot). Here, other gNBs’ transmission directions in a certain slot are assumed according to the intended configurations received from those gNBs. In summary, gNB with having different direction compared to that of reference configuration needs to mitigate cross-link interference e.g., by using DL/UL power control. Furthermore, (if the interference averaging is introduced for calculating CSI) the resource-specific measurement can be configured for resource sets which receive different interference type (e.g., UL-to-DL interference). The evaluation results and performance gains of DL/UL power control are provided in [2]. The potential specification impacts of DL/UL power control can be considered as e.g., the resource-specific power control (and/or measurement) configuration. Furthermore, for improving efficiency of DL/UL control, it can be beneficial to specify coordination information (among gNBs) mentioned above. 

Proposal #1: Adopt the UL/DL power control for overcoming and reducing the cross-link interference, considering the performance gain and marginal potential specification impact (e.g., resource-specific power control (and/or measurement) configuration). For improving efficiency of DL/UL control, it can be further considered to specify coordination information (e.g., intended DL/UL transmission direction configuration, resource needed to be highly protected for some essential LTE channels/signals, resource with fixed DL/UL transmission direction, reference DL/UL transmission direction configuration, etc.).
3. Discussion on sensing 
In a deployment scenario e.g., with high backhaul latency, coordination based on information exchange would not provide sufficient gain to duplexing flexibility operation (and/or mitigate cross-link interference effectively). One possible solution to handle this issue is sensing based scheme (e.g., energy measurement similar to LAA LBT, signal detection, etc.). To be specific, the opportunistic resource utilization resulting in no or lower cross-link interference can be achieved by sensing operation of gNB and/or UE. Here, for example, the idle (or available) resource can be defined as the one where there are no (detected) transmissions from other gNBs and/or UEs or the cross-link interference level which will be generated (or received) is lower than the (pre)configured threshold. At least, the following several aspects are needed to be investigated further to check the feasibility (and/or gain) of sensing based scheme.
· Frame structure (and/or signal) which efficiently supports sensing operation of gNB and/or UE 
· Entity which performs sensing operation, etc.
Fig. 1 shows an example of frame structure used for sensing operation. If intended configuration is given D’D’D’U’U’DDUU where D’ and U’ mean DL centric and UL centric respectively, gNB A with UL heavy may perform sensing at DL centric slot where sensing gap may be placed after control region to detect data region. Control region at gNB A can be still used for control transmission. In other words, sensing gap can be placed where data can start. In case that control region is not allocated or not used, sensing gap can be placed in the first symbol as shown in Fig. 1. However, if control region is also used in DL slot as well, sensing gap can start after control region as shown in Fig. 2.
[image: image1.emf]Intended configuration

gNB A

(UL heavy)

Sensing & use if no 

neighbor gNB transmits

Switching gap

Slot

gNB B

(DL heavy)

Sensing & use if no 

neighbor gNB transmits

Sensing & use if no 

neighbor gNB transmits

Sensing gap DL UL No DL/UL


Fig. 1
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Fig. 2
In addition, it can be defined that gNB with having different direction compared to that of reference configuration performs sensing operation for mitigating (or remove) cross-link interference.

Proposal #2: To check the feasibility and/or gain of sensing based scheme, it should be necessary to have further clarification on several aspects such as e.g., frame structure (and/or signal) which efficiently supports sensing operation of gNB and/or UE, entity which performs sensing operation, etc.
4. Conclusion 
In this contribution, we discussed power control and sensing to efficiently support duplexing flexibility operation, and the followings are proposed:
Proposal #1: Adopt the UL/DL power control for overcoming and reducing the cross-link interference, considering the performance gain and marginal potential specification impact (e.g., resource-specific power control (and/or measurement) configuration). For improving efficiency of DL/UL control, it can be further considered to specify coordination information (e.g., intended DL/UL transmission direction configuration, resource needed to be highly protected for some essential LTE channels/signals, resource with fixed DL/UL transmission direction, reference DL/UL transmission direction configuration, etc.).
Proposal #2: To check the feasibility and/or gain of sensing based scheme, it should be necessary to have further clarification on several aspects such as e.g., frame structure (and/or signal) which efficiently supports sensing operation of gNB and/or UE, entity which performs sensing operation, etc.
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