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1. Introduction
In RAN1#94 meeting, the enhancements for supporting NR backhaul links are discussed, which agreement is captured in [1]. This contribution discuss about power control in IAB scenario.
2. Discussion on power control in IAB scenario
This section discusses power control in IAB scenario. Power control is mainly used for controlling the interference or not wasting power. We discuss the interference related to power control in some aspects.
· Single panel vs multiple panels for backhaul and access: If multiple panels are used for backhaul and access, the antenna orientation direction of each panel would be differently implemented, and thus, it is easy for this implementation to mitigate interference each other when SDM/FDM for access and backhaul. Unlike this, if single panel is used, interference between access and backhaul is more prominent, since antenna orientation direction is same between transmissions.
· TDM, SDM, FDM for backhaul and access: Unlike TDM, since FDM has in-band emission interference between transmissions, it is sensitive to power imbalance. Also, since SDM has direct interference between transmissions, more accurate power control is required to control the interference according to spatial beam direction.
· In-band vs out-of-band scenario: In-band scenario is more vulnerable to interference compared to out-band scenario based on that the leakage interference of frequency is generally more prominent in neighboring frequency.
Based on the above analysis, we target the scenario where single panel for backhaul and access and SDM/FDM for multiplexing in in-band scenario. We can consider four scenarios to address power control as shown in figure 1.
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Figure. 1.
In the figure, P-IAB, C-IAB, BH DL/UL, AC DL/UL represent parent IAB node, child IAB node, backhaul downlink/uplink and AC downlink/uplink, respectively. Case 1-1 and Case 1-2 are simultaneous transmission, Case 2-1 and Case 2-2 are simultaneous reception when assuming SDM/FDM between two links. 
· Case 1-1: Simultaneous transmission from IAB node to P-IAB and UE
· FDM between BH UL and AC DL: If following Rel-15 access specification, power control of BH UL would be controlled by P-IAB node for target received SNR at P-IAB. When BH UL and AC DL are scheduled by FDM, P-IAB node doesn’t know FDM scheduling for AC DL of C-IAB. Then, assuming DL power is much higher than UL power, BH UL can be interfered with AC DL scheduled on neighboring RB by in-band emission. One solution is to have frequency space between BH UL and AC DL resource allocation. However, this can require for numerous sufficient frequency space information for each power difference between BH UL and AC DL. 
For another solution, to protect BH UL signal, AC DL power can be reduced up to BH UL power. However, it can result in power varying of important signals such as SSB or CSI-RS. It can lead to dynamically varied IAB node coverage and non-intended mismatch for measurement. To address it, P-IAB node may need to have AC DL information of C-IAB to avoid scheduling of BH UL with important AC DL signals.
For the other solution, to protect BH UL signal, BH UL power can be increased up to the power of AC DL. However, that can lead to mis-matched target received SNR, limiting to use UL MU-MIMO scheme at P-IAB. To address it, P-IAB node can directly control BH UL based on AC DL transmission information of C-IAB. It requires that P-IAB node need to recognize AC DL transmission information of C-IAB node. 
· SDM between BH UL and AC DL: In terms of SDM, beam direction, the number of layers and up to power ratio between BH and AC are determined based on channel condition at C-IAB node. However, since power loading of BH UL is controlled by P-IAB in Rel-15, not knowing scheduling information of AC DL. If P-IAB lower BH UL power assuming no interference from AC DL, AC DL power would be lowered together. It would lead to performance loss.
To address it, one solution is increasing only AC DL power regardless of the calculated SDM precoding, keeping BH UL power controlled by P-IAB. However, then, interference from AC DL beam to BH UL beam would be getting stronger. 
Another solution is to increase both of BH UL and AC DL power regardless of BH UL power control from P-IAB, which can lead to mismatched target UL received SNR like the FDM case. Like FDM, P-IAB node may need to recognize AC DL transmission information of C-IAB node. However, since SDM has direct interference between SDMed transmission, to suppress interference each other, more sophisticated beam separation and power loading would be required than FDM.
· Case 1-2: Similar to case 1-1.
Proposal 1: For simultaneous transmission (FDM/SDM) from IAB node to P-IAB and UE, it is needed to study power control whether P-IAB node needs to recognize AC DL transmission information of C-IAB node.
· Case 2-1: Simultaneous reception from P-IAB and UE
· FDM between BH DL and AC UL: Since the maximum power difference of P-IAB and UE is large (e.g. P-IAB:46dBM, UE:23dBM), it is more difficult to increase AC UL power to mitigate in-band emission interference from BH DL to AC UL compared to case 1-1. To protect AC, BH DL power control may be needed by C-IAB node. 
We can think about two approaches; dynamic and semi static DL power control. If dynamically requesting DL power control, it may be needed to make a design for UL channel like PDCCH. With the expense of a new channel design, the approach can well control the power of dynamically scheduled BH DL and AC UL. 
In terms of semi static approach, one can use some DL power level patterns in time domain, and IAB node can schedule AC UL according to the power pattern. However it will lead to have BH DL/AC UL scheduling restriction. 
· SDM between BH DL and AC UL: Since the maximum power difference of P-IAB and UE is large (e.g. P-IAB:46dBM, UE:23dBM), AC UL can be buried by BH DL according to beam separation. To protect AC UL, we need to study dynamic and semi static DL power controls.
· Case 2-2: The problem is similar to case 2-1. However, it can be relaxed if the larger maximum UL power of C-IAB is allowed than UE.
Proposal 2: For simultaneous reception (FDM/SDM) from P-IAB and UE, it is needed to study DL power control; dynamic and semi static approaches.
3. Conclusion
[bookmark: _GoBack]Proposal 1: For simultaneous transmission (FDM/SDM) from IAB node to P-IAB and UE, it is needed to study power control whether P-IAB node needs to recognize AC DL transmission information of C-IAB node.
Proposal 2: For simultaneous reception (FDM/SDM) from P-IAB and UE, it is needed to study DL power control; dynamic and semi static approaches.
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