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1. Introduction
[bookmark: _Hlk47437262]In Rel.17 WI on IAB, duplexing enhancements to increase spectral efficiency and reduce latency have been proposed [1]. The methods include space division multiplexing (SDM), frequency division multiplexing (FDM) and full duplex-based sharing of resources between MT and DU of an IAB node. When an IAB node operates in these modes, it will be capable of simultaneous transmission and/or reception (Tx and/or Rx) at MT and DU. The various types of modes in this category are DURx-MTRx, DUTx-MTTx, DURx-MTTx and DUTx-MTRx. These modes and the enhancements related to resource sharing between MT and DU have been discussed in detail in our companion contribution [2]. To support simultaneous Tx and/or Rx, certain enhancements are required in the IAB network for its efficient operation. In this contribution, we discuss some of the key enhancements that we can look into for simultaneous Tx and/or Rx.
2. Enhancements in handling interference
When the IAB nodes in a network operate in simultaneous Tx and/or and Rx mode, it will lead to interference among the IAB nodes termed as cross-link interference (CLI). Since all the IAB nodes in the network are connected to the donor, it is possible for the donor to collect information about CLI from the victim/aggressor IAB nodes and take measures to mitigate the CLI. 
[bookmark: __DdeLink__296_3866491591]Observation 1: The donor node can collect CLI information and take appropriate measures to mitigate it.
Further, in DURx-MTTx and DUTx-MTRx, backhaul and child links of an IAB node are active simultaneously with reception in one link and transmission in the other. In that case, transmission in one link can interfere with the other link causing self-interference (SI), leading to performance degradation. Thus, apart from the CLI present in the network, there will be SI within the IAB node. For e.g., in case of an IAB node in DURx-MTTx mode, the reception at IAB-DU is affected by the transmission occurring at IAB-MT. The interference issue is much severe in DUTx-MTRx mode compared to DURx-MTTx mode, as Tx power of IAB-DU is higher compared to IAB-MT. SI cancellation can be done within the IAB node in an implementation specific way. However, the cancellation will be only up to a certain extent.  Further, for e.g., the MT has to measure the SI associated with DUTx-MTRx mode on certain resources. To have accurate measurements, these resources should not be used in the backhaul link from parent. This can be thought of as equivalent of a measurement gap used by UE to perform handover measurements in other inter-frequency cells. Further, MT cannot transmit in those resources where it will measure SI. Since, the MT is under the control of a parent IAB node, any change of operation required in MT should be informed to the parent. Thus, the MT needs to inform the parent about such measuring instances, or the parent should provide such occasions to the MT.
Observation 2: IAB node MT might need time-frequency resources for SI measurement, which are free from backhaul reception and transmission. This requires cooperation with the parent.
[bookmark: __DdeLink__107686_364786771]Proposal 1: SI measurement occasions are required at an IAB node operating in DUTx-MTRx and DURx-MTTx modes.
Sometimes SI/CLI may become very severe, and an IAB node in simultaneous Tx and/or Rx mode of operation cannot achieve desired performance. In that case, the IAB node will switch to/fallback to the TDM mode. In order to switch, IAB node signals fall back request to the parent and donor to indicate that it wants to fallback to TDM mode. The fallback TDM default configurations can be signaled by the parent/donor to the child at the time of connection itself. Once, the child receives confirmation from the parent regarding the fallback, the child can use the default configuration and start operating in TDM mode. 
[bookmark: _Hlk46239847]Observation 3: Severe interference at an IAB node will not allow it to operate in simultaneous Tx and/or Rx mode efficiently.
[bookmark: __DdeLink__559_1682601173]Proposal 2: IAB nodes should be able to request parent and donor node to fall back to TDM mode of operation from simultaneous Tx and/or Rx mode.
3. Enhancements related to power control
In the previous section, we discussed about the interference issues that can arise in an IAB network. Power control is one of the methods to handle such interference in simultaneous Tx and/or Rx case.  For e.g., in case of an IAB node in DURx-MTTx mode, the reception at IAB-DU is affected by the transmission occurring at IAB-MT. The interference might cause severe degradation in performance since the DU receives from UEs which transmit at limited power and the MT can transmit at higher power as instructed by the parent IAB node. Thus, there should be a mechanism to inform the parent about the interference level at the IAB node so that it can adjust the Tx power for MT that would reduce the interference.
Observation 4: In case of simultaneous Tx and/or Rx, the high transmit power at MT, as controlled by the parent, can hamper performance at DU.
Proposal 3: There should be a feedback mechanism regarding the interference at an IAB node from MT to the parent to ensure efficient working in simultaneous Tx and Rx mode.
4.  Enhancements related to timing and guard symbols
Synchronization across hops is an essential requirement to avoid interference in multi-hop IAB network. In general, the synchronization conditions are: 1) DL-Tx from all the nodes in the network should be aligned and 2) UL-Rx from all the child IAB nodes and access UEs should align at parent. In addition, there are synchronization conditions depending on the mode of operation of the node. For e.g., UL-Rx at DU and DL-Rx at MT should align in an IAB node operating in DURx-MTRx mode, whereas DL-Tx and UL-Tx should align in an IAB node operating in DUTx-MTTx mode. Over the air (OTA) synchronization technique using TA is employed to meet these requirements in IAB network. Fig. 1 illustrates the generalized timing of various Tx/Rx operations at an IAB node, where TDL-Rx denotes timing of DL-Rx slot at IAB-MT, T1 denotes the propagation delay in backhaul link of an IAB node, and TUL-Rx denotes the timing of UL-Rx slot at IAB-DU. In figure, the value of TA varies depending on the active mode of operation of the parent and IAB nodes. For e.g., an IAB node in TDM mode apply TA=2T1 for UL-Tx from a child IAB node, whereas an IAB node in DUTx-MTTx mode apply TA=T1 for UL-Tx slot to align UL-Tx and DL-Tx slots. Table 1 illustrates the variation of TA value w.r.t. active mode of operation of parent node and IAB node.
[image: ]
Fig. 1: Timing of various Tx/Rx operations at an IAB node

Table 1: Dependence of TA signaled by parent node on active mode of operation of IAB node and parent node
	Cases
	Active mode at parent node
	Active mode at IAB node
	TA signaled by parent

	1
	TDM
	TDM
	TA=2T1

	2
	DURx-MTRx
	TDM
	TA=2T1-T0

	3
	TDM/ DURx-MTRx
	DUTx-MTTx
	TA=T1


Similarly, the TUL-Rx depends on the active mode of operation of the IAB node and its child node. For e.g., an IAB node in TDM mode has DL-Tx and UL-Rx aligned at IAB-DU, and hence, TUL-Rx=0, whereas an IAB node in DURx-MTRx mode has DL-Rx and UL-Rx aligned, therefore, TUL-Rx=T1. The variation of TUL-Rx on the active mode of operation of IAB node and its child node is illustrated in Table 2. Table also illustrate the TA value signaled by IAB node to its child node to align TUL-Rx at the IAB-DU.
Table 2: Dependence of TUL-Rx on active mode of operation of IAB node and its child node
	Cases
	Active mode of operation of IAB node
	Active mode of operation of child node
	TUL-Rx at IAB node
	TA signaled by IAB node

	1
	TDM
	TDM
	0
	2T2

	2
	DURx-MTRx
	TDM
	T1
	2T2-T1

	3
	TDM/ DURx-MTRx
	DUTx-MTTx
	T2
	T2



[bookmark: _Hlk47437972]Proposal 4: Parent node signals TA to IAB node based on the active mode of operation of parent and IAB nodes
In some cases, signaling TA value alone cannot ensure alignment of UL-Rx from child nodes at the parent. In that case, in addition to signaling TA value, parent must configure guard symbols to align UL-Rx from various child nodes and access UEs. For e.g., the child IAB node in DUTx-MTTx mode cannot adjust its UL-Tx according to TA signaled by parent node, and hence, parent configure guard symbols to align UL-Rx from the IAB node in DUTx-MTTx mode. Further, misalignment of various transmission/reception at an IAB node results in overlap between slots/symbols. For e.g., UL-Tx will be advanced by TA value signaled by parent node and overlaps with previous slot if TA is greater than T1. Parent node configures guard symbols to avoid the overlap between slots.  
Observation 5: The number of guard symbols required to avoid overlap between slots depend on the active mode of operation of the parent node and the IAB node.
[bookmark: _Hlk47438075]Proposal 5: The guard table, indicating number of guard symbols required in each transition, should be updated based on active mode of operation of parent and IAB node.
5. Conclusion 
Based on the discussions, we have the following observations and proposals:
Observation 1: The donor node can collect CLI information and take appropriate measures to mitigate it.
Observation 2: IAB node MT might need time-frequency resources for SI measurement, which are free from backhaul reception and transmission. This requires cooperation with the parent.
[bookmark: __DdeLink__107686_3647867711]Proposal 1: SI measurement occasions are required at an IAB node operating in DUTx-MTRx and DURx-MTTx modes.
[bookmark: _Hlk462398471]Observation 3: Severe interference at an IAB node will not allow it to operate in simultaneous Tx and/or Rx mode efficiently.
Proposal 2: IAB nodes should be able to request parent and donor node to fall back to TDM mode of operation from simultaneous Tx and/or Rx mode. 
Observation 4: In case of simultaneous Tx and/or Rx, the high transmit power at MT, as controlled by the parent, can hamper performance at DU.
Proposal 3: There should be a feedback mechanism regarding the interference at an IAB node from MT to the parent to ensure efficient working in simultaneous Tx and Rx mode.
Proposal 4: Parent node signals TA to IAB node based on the active mode of operation of parent and IAB nodes
Observation 5: The number of guard symbols required to avoid overlap between slots depend on the active mode of operation of the parent node and the IAB node
Proposal 5: The guard table, indicating number of guard symbols required in each transition, should be updated based on active mode of operation of parent and IAB node
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