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Introduction
[bookmark: OLE_LINK12][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Aiming to increase spectral efficiency of IAB, IAB enhancements in Rel-17 will support simultaneous operation (transmission and/or reception) of an IAB-node’s child and parent links according to the WID [1]. New timing modes and potential enhancement on power control have been studied in the IAB SI for the purpose of supporting simultaneous operation. During the past discussions in the WI phase, some related agreements have been achieved [2][3][4]. In this contribution, we further discuss the details of timing mode switching and power control mechanisms for simultaneous operation.
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TDM of Timing mode
The following agreements related to timing modes have been made in previous meetings,
Agreement [2]
Case 6 timing mode operation at an IAB-node is controlled by the parent node to which the UL transmission is intended for.
Agreement [3]
Case 7 timing is supported with symbol level alignment without explicit support for slot level alignment
Agreement [3]
Switching between Case 1, Case 6, and Case 7 timing is supported.
· FFS whether Case 6 and Case 7 timing shall be restricted to certain resources, e.g. excluding resources used for access or TDM backhaul
· FFS details on switching including the switching conditions
· FFS relationship between switching timing modes with the usage/indication of different resource multiplexing modes
· FFS whether Rel-16 OTA synchronization shall be enhanced to support switching timing modes
Agreement [4]
Adaptation of an IAB-node’s multiplexing operation is supported. The adaptation may be based on multiple factors, for example (not necessary to support all of the following):
· Resource type (D/U/F) at the IAB-DU and IAB-MT 
· Specific sets of time/frequency resources
· Certain conditions being met (e.g. supported timing modes, power control enhancements (if supported), etc.)
FFS:  Mechanisms for informing/coordination the change in multiplexing operation(s) between child and parent nodes (including whether the adaptation is dynamic or semi-static)
FFS: Need for explicit linkage between indicated multiplexing operations and other features/enhancements – e.g. number of required guard symbols, supported timing modes, and power control enhancements (if supported)

Simultaneous transmission of IAB-node’s child and parent links relies on Case 6 timing. Simultaneous reception of those links relies on Case 7 timing. In other words, adaptation of the multiplexing operation is directly linked to switching of timing modes. Since all the three timing modes, Case 1, Case 6 and Case 7, assume the same DL Tx timing, we can focus on UL timing for the discussion on switching of timing modes. 
UL transmission timing for Case 6 timing does not depend on the propagation delay between the parent node and the IAB node, while general UL transmission timing does. Unless the timing difference is small enough compared to the cyclic prefix of UL symbols, a parent node uses different UL reception timing for an IAB node with Case 6 timing and other UEs. On top of that, if the parent node itself also operates with Case 7 timing in some slots, it also needs to support two or more UL reception timings. That is to say, in order to leverage the benefit of simultaneous operations of child and parent links, an IAB is likely to be required to use one UL transmission timing for simultaneous reception by its parent node and another UL transmission timing for simultaneous transmission by itself. Considering the propagation delay between the parent node and the IAB node does not change dynamically, applying a fixed timing offset can be used to switch between the two UL timings.
Proposal 1: Support two UL transmission timings at an IAB node to enable flexible switching between different timing modes.

Power control
The following agreements related to power control have been made in previous meetings,
Agreement [2]
Further study requirement of enhanced DL and UL Tx power control mechanism considering the following: 
· DL/UL power control with assistance information from the child node.
· DL/UL power control with assistance information from the parent node.
· Central (e.g. by CU) power control coordination (e.g. semi-static max DL/UL Tx power limits).
· Coexistence of different power control mechanisms within an IAB node and in the network.
Note. Any power control mechanism should consider the following aspects:
· Existing base station design principles (e.g. power control and dynamic range capability, etc.) related to transmission power.
· Network constraints in regard to transmitted reference signals with constant power.

As for simultaneous operation of MT Rx/DU Rx at an IAB node, the reception of a parent DL BH signal may block the reception of a child UL signal in case that the gap between the power of the former and that of the latter goes beyond a limit. Either or both lowering the power of the former and raising the power of the latter can help reducing the gap. To prevent too high a Rx power of parent DL BH signal at the IAB node, a maximum DL Tx power limit for the target slots could be configured to the parent node, for example by the CU. To increase the UL power of child UL signal to be not too far from the RX power of parent DL BH signal, the IAB node can use the existing transmission power control mechanism. 
[image: ]
Figure 2: Slots for different multiplexing modes

As shown in Figure 2, multiplexing scenarios may change slot by slot. Using the same transmission power for different multiplexing scenarios and/or time resources may restrict the flexibility of scheduling. In one example, an IAB-DU may want to schedule a child node to use some slots for simultaneous MT Rx/DU Rx and some other slots for only DU Rx according to the status of UE traffic. The optimum UL Rx power density may not be the same between those slots. That means that it can be beneficial to support separate setup of power control parameters to control a link separately depending on multiplexing scenarios.
Proposal 2: The transmission power of a link can be controlled separately in different multiplexing scenarios.

Conclusions
In this contribution, we discussed timing alignment and power control for supporting simultaneous operation of IAB node’s child and parent links. The proposals are summarized as below,
Proposal 1: Support two UL transmission timings at an IAB node to enable flexible switching between different timing modes.
Proposal 2: The transmission power of a link can be controlled separately in different multiplexing scenarios.
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