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Introduction
In RAN1 #94b meeting, several agreements about IAB discovery and measurements, PRACH enhancements, timing and synchronization and resource allocation had been reached for the enhancements of IABs [1]. But the enhancements about power control had not been treated due to the limited time. On the other hand, seven companies [2-8] raised the power issues in IAB scenarios, and some of them have proposed enhancements. 
In this contribution, we discuss about the enhancements of power control in the IAB scenario. This is an update of R1-1808836[2].

Enhancements to support NR backhaul links

2.1 Discussion on single panel and multi-panel operation

Single panel operation and multi-panel operation were mentioned in the #94 meeting. And slightly differences exist between the two kinds of operations. In our previous contribution [2], multi-panel and single-panel operation were analysed from different perspective, such as application scenarios, power limitation, timing requirements and information exchanges.
Single and multiple panels for AC and BH links, is very dependent on the implementation of product hardware architectures. Besides that, single panel for both AC and BH operation may also occur, the single panel operation, which has a more stringent requirements should be considered as the baseline. From the perspective of timing, this means that panels of one IAB node should transmit at exactly the same transmitting time, and receive at the same receiving time. From the perspective of power limitation, this means that when transmitting signals, power limitation should be considered for both BH and AC links. And the power imbalance within one panel should be considered both at transmitting and receiving procedures. 
Proposal 1: 
Single panel operation for BH and AC link multiplexing should be considered as baseline. 
· the transmitting or receiving for both AC and BH link should operate at the same time. 
· the power sharing of AC and BH links should be considered. 
· the power imbalance when transmitting or receiving at AC and BH links should be considered.

2.2 Discussion on power control enhancements
In this section, we provide detailed analysis on power control enhancement required for intra-panel TDM, FDM and SDM schemes. In the following Fig.1, four cases are raised according to transmission directions and transmission points, gNB/parent IAB or IAB. 
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Fig.1 Four cases for transmission power strategy
Case 1a: UE and IAB are transmitting to gNB/parent IAB in uplink
· TDM Tx: Since the uplink transmission of UE will be separated from the IAB transmission in time, the transmission power of IAB node will not interfere with UE. To improve BH spectrum efficiency, the power control for IAB node could be more aggressive than normal access UE, or even consider full power transmission, if regulation permits.
· SDM /FDM Tx: In order not to block the reception of UE’s signals, both UE and IAB should transmit under power control. 
In order to improve the BH spectrum efficiency and robustness, when the transmission from UE and IAB are TDMed, some aggressive power control schemes could be considered, such as using the PSD in DL into uplink transmission. To facilitate the flexible switching between transmission in power control and in a DL PSD, signaling enhancements are proposed to indicate which way to be used in the transmission.

Proposal 2 : 
To facilitate the flexible switching between transmission in power control and in a DL PSD, signaling enhancements are proposed to indicate which way to be used in the transmission.

Case 1b: gNB/parent IAB transmits to IAB and UE in downlink
The behavior of gNB and parent IAB transmission should follow normal gNB’s downlink behavior transmitting in a fixed power spectrum density.

Case 2a: IAB transmits to UE in downlink and transmits to gNB in uplink
· TDM Tx: Since the transmission to gNB and UE will happen in different time, IAB transmits to UE as a base-station; while IAB transmits to gNB according to the power control, which could be more aggressive than normal UE as in case 1a, if regulation permits.
· FDM Tx: IAB needs to ensure that the transmit power difference for adjacent PRB should be no more than 6dB, while ensuring the transmission power of SSB, CSI-RS for beam management to its UE is not affected by the power control of gNB.
· SDM Tx: Since the transmission to gNB is under gNB power control, power sharing is required between BH and AC links. This impacts the transmission power of SSB, CSI-RS for beam management for IAB UEs.
From the perspective of measurements in downlink, the power of SSB and CSI-RS should be kept constant. But under this case, BH and AC link transmission will share one maximum transmit power. In case that too much power are occupied by the BH transmission, some power should be guaranteed for CSI-RS or SSB transmission. In another way, some virtual maximum power for BH uplink transmission could be defined. And the rest power could be considered for the SSB or CSI-RS transmission.

Proposal 3: 
When SDM/FDM transmission happens at IAB side, some power should be guaranteed for critical downlink signals, such as SSB or CSI-RS. Virtual maximum transmission power for BH uplink could be introduced to guarantee the power of SSB or CSI-RS.

Case 2b: gNB/parent IAB transmits to IAB in downlink and UE transmits to IAB in uplink.
· TDM Rx: IAB receives gNB and UE in different time, therefore, all the behaviors of gNB/parent IAB and UE could follow current specifications.
· SDM/FDM Rx: If IAB have to receive the signal of UE and gNB at the same time, gNB may need to reduce the transmit power in order not to block the signal of UE.

In the case of SDM and FDM receiving at IAB side, the downlink transmission from gNB or parent IAB follows downlink power spectrum density, and uplink power of UE will follow the power control procedures. Due to the DL transmit power from IAB may be much larger than that of UE, and the distance between gNB and IAB may varies, the difference of received power between gNB and UE at IAB side could be much larger. And this will induce the block to the UE received power. Support downlink power control for parent node to child could be helpful to prevent the issues.

Proposal 4: 
Support downlink power control for parent node to child could be helpful to prevent the block of UE’s signal in SDM and FDM receiving.

Conclusions
In this contribution, we discuss about the enhancements of power control in the IAB scenario. The following proposals are made, 

Proposal 1: 
Single panel operation for BH and AC link multiplexing should be considered as baseline. 
· the transmitting or receiving for both AC and BH link should operate at the same time. 
· the power sharing of AC and BH links should be considered. 
· the power imbalance when transmitting or receiving at AC and BH links should be considered.

Proposal 2 : 
To facilitate the flexible switching between transmission in power control and in a DL PSD, signaling enhancements are proposed to indicate which way to be used in the transmission.

Proposal 3: 
When SDM/FDM transmission happens at IAB side, some power should be guaranteed for critical downlink signals, such as SSB or CSI-RS. Virtual maximum transmission power for BH uplink could be introduced to guarantee the power of SSB or CSI-RS.

Proposal 4: 
Support downlink power control for parent node to child could be helpful to prevent the block of UE’s signal in SDM and FDM receiving.
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