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Regarding power control for simultaneous operation of IAB-node’s child and parent links, RAN1#102e have made the following FL proposal [1]. 
· The following power control mechanisms for a given IAB-node should be further studied:
· DL power control with assistance information from the child node for at least Rx imbalance mitigation at child node
· DL power control with assistance information from the parent node for at least Tx imbalance mitigation at IAB-node
· UL power control with assistance information from the child node for Tx imbalance mitigation at child node
· UL power control with assistance information from the parent node for Rx imbalance mitigation at IAB-node
· Any power control mechanism should take into account:
· existing base station design principles related to transmission power.
· network constraints in regard to transmitted reference signals
In this contribution, based on those discussion and proposal, we further elaborate on power control mechanisms to support IAB-node’s simultaneous operation. 
Power Control to Support IAB-node’s Simultaneous Operation 
We rewrite the power control mechanisms for further studies in RAN1#102e FL proposal [1] as follows and name them as P1/P2/P3/P4, which are illustrated in Figure 1. 
· P1: DL power control with assistance information from the child node for at least Rx imbalance mitigation at child node
· P2: DL power control with assistance information from the parent node for at least Tx imbalance mitigation at IAB-node
· P3: UL power control with assistance information from the child node for Tx imbalance mitigation at child node
· P4: UL power control with assistance information from the parent node for Rx imbalance mitigation at IAB-node
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Figure 1: Illustration of four power control mechanism for further study in RAN1#102e
P1: child node assisted DL power control
For DL power control mechanism P1 in Figure 1, since there is no DL power control mechanism defined in existing specification, we need to first design baseline DL power control mechanisms [2], which naturally have assisted information from child node. 
Similar to UL power control, there can be open-loop and closed-loop DL power control mechanisms, which can be applied for different DL channels/DL signals. In open-loop DL power control mechanism (illustrated in Figure 2), the IAB DU’s DL transmission power setting algorithm will be based on some configured parameters and UL reference signal measurement for path-loss calculation. The parameter configurations can include UL reference signal power, target DL reception power, fractional path-loss compensation factor, etc. 
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Figure 2: Open-loop DL power control illustration

In closed-loop DL power control mechanism (illustrated in Figure 3), there will be additional transmit power control (TPC) command transmitted from child MT to IAB DU according to IAB DU’s DL transmission measurements. The  DU’s DL transmission power setting algorithm will be based on the configured parameters, UL reference signal measurement for path-loss calculation and TPC command. 
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Figure 3: Closed-loop DL power control illustration
Regarding the implementation of baseline DL power control mechanisms, parameter configurations related to IAB  DL power control can be signaled from child MT to IAB DU through L1/L2 signaling, or notified by the CU to the IAB node through RRC signaling or F1AP signaling; SRS can be applied as UL reference signal for PL calculation; TPC command can be transmitted through UCI or MAC CE.    
With the baseline DL power control mechanisms defined, P1 in Figure 1 has been naturally fulfilled as child MT can send dynamic TPC command (in closed-loop DL power control mechanism) to IAB DU to adjust the IAB DU’s DL TX power for at least RX imbalance mitigation at the child node. 
Proposal 1: Baseline DL power control mechanisms (open-loop and closed-loop DL power control) should be supported to fulfil child node assisted DL power control.  
P2: parent node assisted DL power control
After baseline DL power control mechanisms have been defined in previous section, we can further investigate P2 (parent node assisted DL power control) for at least TX imbalance mitigation at IAB node.  In MT TX/DU TX simultaneous operation, the received signal at parent DU may have interference coming from DU’s DL transmission. With current UL power control, parent DU can send dynamic TPC for MT to increase its UL transmission power. However, the UL transmission power is limited by the UE/MT capability and may not fully solve this issue. Hence, besides TPC for MT, TPC for DU can be introduced from parent DU to IAB MT to inform the IAB DU to adjust its DL transmission power, as shown in Figure 4. 
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Figure 4: TPC for DU from parent DU to IAB MT

Proposal 2: Introduce TPC for DU from parent DU to IAB MT for parent node assisted DL power control.  
P3/P4: child node or parent node assisted UL power control
We illustrate the UL power control mechanisms (open-loop and closed-loop) supported in current specification for an IAB MT or UE in Figure 5 and Figure 6. In open-loop UL power control, the parent DU send DL RS to an IAB MT or UE. With parameter configuration including DL RS signal power, target UL reception power and fractional path-loss compensation factor, the IAB MT or UE can figure out its UL transmission power accordingly. In closed-loop UL power control, additional dynamic TPC command will be transmitted according to the IAB MT or UE’s UL transmission measurements. 
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Figure 5: Open-loop UL power control illustration
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Figure 6: Closed-loop UL power control illustration

For P3 (child node assisted UL power control) in Figure 1, with MT TX/DU TX imbalance, the received signal at IAB DU may have interference coming from child DU’s DL transmission. This will be reflected in the child MT’s UL transmission measurements naturally and the IAB DU can send TPC command to adjust the child MT’s UL transmission power. The UL transmission measurements and dynamic TPC command are already included in existing closed-loop UL power control mechanism. 
For P4 (parent node assisted UL power control) in Figure 1, with MT RX/DU RX imbalance, the received signal at IAB DU may have interference coming from parent DU’s DL transmission. This will also be reflected in the child MT’s UL transmission measurements naturally and the IAB DU can send TPC command to adjust the child MT’s UL transmission. 
Proposal 3: Child node assisted or parent node assisted UL power control can be fulfilled with existing UL power control mechanisms.   
Conclusion
In this contribution, we discussed mechanisms to support simultaneous operation of IAB-node’s child and parent links.  It is summarized by the following observations and proposals. 
Proposal 1: Baseline DL power control mechanisms (open-loop and closed-loop DL power control) should be supported to fulfil child node assisted DL power control.  
Proposal 2: Introduce TPC for DU from parent DU to IAB MT for parent node assisted DL power control.  
Proposal 3: Child node assisted or parent node assisted UL power control can be fulfilled with existing UL power control mechanisms.   
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