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[bookmark: _Ref521194621]Introduction
The Rel-17 IAB enhancement work item was approved in RAN#86 meeting and it contains several specification aspects regarding the simultaneous operation in its scope [1]. as follows:
	Duplexing enhancements [RAN1-led, RAN2, RAN3, RAN4]:
· Specification of enhancements to the resource multiplexing between child and parent links of an IAB node, including:
· [bookmark: _Hlk26193173]Support of simultaneous operation (transmission and/or reception) of IAB-node’s child and parent links (i.e., MT Tx/DU Tx, MT Tx/DU Rx, MT Rx/DU Tx, MT Rx/DU Rx).
· Support for dual-connectivity scenarios defined by RAN2/RAN3 in the context of topology redundancy for improved robustness and load balancing.
· Specification of IAB-node timing mode(s), extensions for DL/UL power control, and CLI and interference measurements of BH links, as needed, to support simultaneous operation (transmission and/or reception) by IAB-node’s child and parent links.


In the RAN1#102-e meeting [2], the following agreements on timing alignment for simultaneous operation were made:
	[bookmark: _Hlk49269411]Agreement
· Case 7 timing is supported in Rel-17 for IAB-nodes operating in multiplexing scenario Case 2 (simultaneous MT-Rx/DU-Rx)
· Case 6 timing is supported in Rel-17 for IAB-nodes operating in multiplexing scenario Case 1 (simultaneous MT-Tx/DU-Tx)
· RAN1 should strive to minimize specification impact due to this feature
· FFS: Whether Case 7 timing is supported in Rel-17 for IAB-nodes operating in multiplexing scenario Case 4 (simultaneous MT-Tx/DU-Rx)


In this contribution, we discuss some considerations in designing Rel-17 IAB simultaneous operation enhancements including timing alignment and power control.
Discussions
Timing alignment for Rel-16 NR IAB
In Rel-17 IAB WI meeting, support of simultaneous operations (transmission and/or reception) of IAB-node’s child and parent links is being discussed, and the possible simultaneous operations include MT Tx/DU Tx, MT Tx/DU Rx, MT Rx/DU Tx, and MT Rx/DU Rx. Among the four simultaneous operations, this document mainly discusses timing alignment issues for the case of MT-Tx/DU-Rx. When fully-overlapping or partially-overlapping frequency channels are allocated for MT-Tx and DU-Rx links, the MT-Tx signal interferes with reception of the DU-Rx signal. In this case, in order to employ a receiver technique at the IAB node to suppress the interference, it is important to make the time difference between the two signals received at the IAB node smaller than the CP duration, which is a more critical issue in the FR2 where the CP duration is relatively small. Hence, to support MT-Tx/DU-Rx at an IAB node, a new timing adjustment mechanism is required. 
The timing alignment of MT-Tx/DU-Rx operation can be performed either by aligning the IAB node UL transmission (MT-Tx) timing to the IAB node UL reception (DU-Rx) timing (Method 1), or by aligning the IAB node UL reception (DU-Rx) timing to the IAB node UL transmission (MT-Tx) timing (Method 2). Figure 1 illustrates an example of timing alignment (Method 2) for simultaneous MT-Tx/DU-Rx at an IAB node.
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[bookmark: _Ref47562557]Figure 1. Example of timing alignment (Method 2) for simultaneous MT-Tx/DU-Rx at an IAB node.
Contrary to Method 2, Method 1 has some problems. First, when using Method 1, timing of MT-Tx is changed according to timing of DU-Rx. Therefore, there might be necessary to report the changed timing of MT-Tx to the parent node. In addition, this method doesn’t work when an IAB node is connected with multiple child/access nodes and the received signals from them are not aligned. Hence, in our opinion, Method 2 that aligns DU-Rx timing to MT-Tx timing could be considered as a possible option for timing alignment of simultaneous MT-Tx/DU-Rx, and propose discussing its possible specification impacts.
Proposal 1: We propose discussing possible specification impacts of the timing alignment method that aligns DU-Rx timing to MT-Tx timing for supporting simultaneous MT-Tx/DU-Rx.
DL/UL power control
At an IAB node, there are four different simultaneous operation modes as illustrated in Figure 2:
· MT-TX/DU-TX: MT and DU simultaneously transmit signals to the DU of the parent IAB node and to the MT of the child IAB node, respectively.
· MT-RX/DU-RX: MT and DU simultaneously receive signals from the DU of the parent IAB node and from the MT of the child IAB node, respectively.
· MT-TX/DU-RX: MT transmits a signal to the DU of the parent IAB node while DU receives a signal from the MT of the child IAB node.
· MT-RX/DU-TX: MT receives a signal from the DU of the parent IAB node while DU transmits a signal to the MT of the child IAB node.
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[bookmark: _Ref54358230]Figure 2. Simultaneous operation modes at an IAB node: a) MT-TX/DU-TX; b) MT-RX/DU-RX; c) MT-TX/DU-RX; d) MT-RX/DU-TX
MT-TX/DU-TX mode
If the MT and DU have separate RF paths, the MT and DU have their own transmit power constraints. However, if the MT and DU have a common RF path, there will be a transmit power constraint on the sum of the two transmit powers due to, for example, the maximum RF transmit power and EIRP. In this situation, a method of power splitting is required so as to determine appropriate transmit powers of the MT and DU while not exceeding the transmit power constraint at the IAB node. The power splitting rule between MT and DU need to consider, for example, priority, interference, receiver sensitivity, and so on.
Proposal 2: Discuss how to split transmit powers between the MT and DU at an IAB node when in a MT-TX/DU-TX mode.
MT-RX/DU-RX mode 
Simultaneous reception at the MT and DU may occur power imbalance problem of the received signals between the MT and DU. If one of two received signal has much higher power, it will not be possible to properly demodulate and decode the other received signal with much lower power. In this regard, transmit power control schemes are required both at the DU of the parent IAB node and at the MT of the child IAB node. The uplink transmit power control at the MT of the child IAB node can be done similarly to the conventional uplink power control scheme. The downlink transmit power control at the DU of the parent IAB node can be done by modifying the existing uplink power control mechanism.
Then, the remaining question is how to balance the received powers at the MT and DU, which can be done either of both open-loop and/or closed-loop power control. For the open-loop power control, appropriate target received power and reference signal power at the MT and DU at the IAB node can be delivered to the DU of the parent IAB node and the MT of the child IAB node. For the closed-loop power control, TPC command can be used to increase, decrease, or maintain the transmit power level.
Proposal 3: Discuss uplink and downlink transmit power mechanism to avoid received power imbalance at the MT and DU of the IAB node.
MT-TX/DU-RX and MT-RX/DU-TX modes
Simultaneous transmission and reception at the same IAB node (i.e., full duplex) will occur self-interference from the transmitter to the receiver (i.e., from MT to DU or from DU to MT). Although self-interference can be implemented transparently to the specification, it will be difficult to cancel the self-interference if the transmit power is much larger than the received power. Hence, the transmit power needs to be reduced to a certain level where self-interference cancellation operation is possible considering the IAB node’s self-interference cancellation capability. 
Proposal 4: Discuss transmit power control scheme considering self-interference cancellation capability of the IAB node.
Conclusion
In this contribution, we discussed DL/UL power control mechanism for the simultaneous operation of IAB nodes. Our proposals are reproduced below:
Proposal 1: We propose discussing possible specification impacts of the timing alignment method that aligns DU-Rx timing to MT-Tx timing for supporting simultaneous MT-Tx/DU-Rx.
Proposal 2: Discuss how to split transmit powers between the MT and DU at an IAB node when in a MT-TX/DU-TX mode.
Proposal 3: Discuss uplink and downlink transmit power mechanism to avoid received power imbalance at the MT and DU of the IAB node.
[bookmark: _GoBack]Proposal 4: Discuss transmit power control scheme considering self-interference cancellation capability of the IAB node.
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