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1. Introduction
In RAN#86 meeting, a new WID [1] on “Enhancements to Integrated Access and Backhaul” was approved. The detailed objectives for RAN1 are 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 this contribution, we discuss enhancements on IAB-node timing mode(s), extensions for DL/UL power control, and cross link interference (CLI) measurement of BH links to support simultaneous operation.

2. Discussion on enhancements on IAB-node timing mode
In order to support simultaneous operation (transmission and/or reception) of IAB-node’s child and parent link, a necessity of additional mechanisms for timing mode and Rx power adjustment between MT and DU is considered, and it is summarized in Table I. As in Rel-16, the indication of the multiplexing capability for the case of no-TDM between IAB MT and IAB DU is provided with respect to each transmission/reception-direction combination (MT-Tx/DU-Tx, MT-Tx/DU-Rx , MT-Rx/DU-Tx, MT-Rx/DU-Rx). If IAB node supports no-TDM for MT-Tx/DU-Rx and/or MT-Rx/DU-Tx, the IAB node needs to have multiple transceivers/antenna panels for the simultaneous MT-Tx/DU-Rx and/or DU-Tx/MT-Rx. If IAB node supports no-TDM for MT-Tx/DU-Tx and/or MT-Rx/DU-Rx, the IAB node may have a single transceiver/antenna panel or multiple transceivers/antenna panels. As summarized in Table I, if IAB node has multiple transceivers / antenna panels, case #1 timing mode is sufficient, since the IAB node may control the timing of transmission / reception for DU and MT individually. On the other hand, if IAB node only has a single transceiver/antenna panel, case #6 timing mode is necessary for simultaneous Tx of DU and MT, and case 7 timing mode is necessary for simultaneous Rx of DU and MT. Thus, the parent node needs to be aware of the IAB node implementation of the number of transceivers/antenna panels in order to decide the timing mode, and case #6 and #7 timing mode should be considered for IAB node which has a single transceiver/antenna panel.

Proposal 1: Indication of implementing multiple transceivers/antenna panels should be reported.

Proposal 2: Case #6 and #7 timing modes should be considered for IAB node which has single transceiver/antenna panel.

In case of no-TDM for MT-Rx/DU-Rx, IAB node DU and MT receive signal simultaneously, and if there is large power difference between parent and child links, the signal with higher power may become a large interference for the signalwith lower power, especially if IAB node has a single transceiver/antenna panel. Therefore, a mechanism of power adjustment between DU UL and MT DL should be considered for simultaneous Rx of DU and MT.

Proposal 3: Power adjustment between DU UL and MT DL should be considered.

Table I: Summary on necessity of additional mechanisms for each case of no-TDM
between IAB MT and IAB DU
	Multiplexing
Capability
	TDM
	no-TDM (Rel-17)
	TDM (Rel-16)

	
	MT
	Tx
	Tx
	Rx
	Rx
	Tx
	Tx
	Rx
	Rx

	
	DU
	Tx
	Rx
	Tx
	Rx
	Tx
	Rx
	Tx
	Rx

	Transceiver/
Antenna panel
	Multiple
	Single
	Multiple
	Multiple
	Multiple
	Single
	-
	-
	-
	-

	IAB timing mode
	Case #1
	Case #6
	Case #1
	Case #1
	Case #1
	Case #7
	Case #1
	Case #1
	Case #1
	Case #1

	MT and DU Rx
Power adjustment
	-
	-
	-
	-
	Yes
	Yes
	-
	-
	-
	-




2.1. Case #6 and #7 timing mode
DU and MT Tx/Rx timing of case #1, #6, and #7 timing modes are summarized in Fig.1. At first, how to derive the MT UL Tx timing and the DU DL Tx timing of case#1/#6/#7 timing needs to be considered and following alternatives can be considered.

Alt.1 : 
- MT UL Tx timing is controlled by TA which is derived for “case #1”, “case #6”, or “case #7” timing mode (as in Rel-15/16 mechanism)
- DU DL Tx timing is derived by TA for case #1/#6/#7 and an offset value

Alt.2 : 
- MT UL Tx timing is controlled by TA for case #1 and an offset value
- DU DL Tx timing is derived by TA for case #1 and T_delta (as defined in Rel-16)

In Alt.1, the MT UL Tx timing is controlled by TA for all cases following Rel-15/16 mechanism, and new mechanism for deriving DU DL Tx timing needs to be considered. On the other hand, in Alt.2, DU DL Tx timing is derived by TA for case #1 and T_delta following Rel-16 mechanism, and new mechanism for controlling MT UL Tx timing needs to be considered for case #6 and #7. With comparing the two alternatives, we consider that Alt.1 is more appropriate and simpler way since a single offset parameter is sufficient for deriving DU DL Tx timing for Alt.1, while two offset parameters (i.e., T_delta for DU DL Tx timing and new offset for MT UL Tx timing) are needed for Alt.2.

Proposal 4: MT UL Tx timing should be controlled by TA as in Rel-15/16 for all cases (“case #1”, “case #6”, and “case #7”)

When MT UL Tx timing is controlled by TA as in Rel-15/16 for all cases, DU DL Tx timing derivation of case #6 and #7 needs to be considered. As shown in Fig.1, the DU DL Tx timing for case #1/#6/#7 can be derived as follows. 

- Case #1: derived by TA for case #1 and T_delta (as defined in Rel-16)
- Case #6: derived by TA for case #6
- Case #7: derived by TA for case #7 and T1 (timing gap between “DU DL Tx” and “DU UL Rx” at parent node)

For case #6 timing mode, the parent node controls IAB MT Tx timing to align with DU Tx timing of the parent node and the IAB node. Therefore, the MT Tx timing controlled by TA is also applicable for DU Tx timing of the IAB node. 

For case #7 timing mode, IAB node needs to know the information of the propagation delay B (between IAB node and the parent node) as well as the derivation of DU DL Tx timing of case #1 timing mode. In order to derive the propagation delay B, additional parameter T1 which is the offset between parent DU Tx and DU Rx needs to be introduced and the propagation delay B can be derived by TA/2 + T1/2. Therefore, IAB node can set its DL Tx timing ahead of its DL Rx timing by TA/2 + T1/2 for case #7 timing mode.

Proposal 5: IAB node should set its DL Tx timing ahead of its DL Rx timing by TA for case #6 timing mode.
Proposal 6: IAB node should set its DL Tx timing ahead of its DL Rx timing by TA/2 + T1/2 for case #7 timing mode. T1 is signalled from the parent node, which is the offset between parent DU Tx and DU Rx.

Based on the proposals 5 and 6, IAB node needs to recognize which TA type (case #1 or case #6 or case #7) is indicated to control IAB MT UL timing by the parent node in order to derive DL Tx timing.

Proposal 7: IAB node should recognize TA type (case #1, case #6, case #7) to derive DL Tx timing.

[image: ]
Figure 1: DU and MT Tx/Rx timing of case #1, #6, and #7 timing modes

Figure 2 shows an example of case #7 timing mode when the propagation delay B (between IAB node and the parent node) is less than half of the propagation delay A (between the grandparent node and the parent node). As shown in Figures 1 and 2, both positive and negative TA value need to be supported for case #7 timing mode.

Proposal 8: Negative TA value should be supported for case #7 timing mode.

[image: ]
Figure 2: Case #7 timing mode (propagation delay B is less than half of propagation delay A)

In order to support negative TA value for case #7 timing mode, mechanism of how to indicate the negative value needs to be considered. Figure 3 shows the data structure of MAC RAR, and it is straightforward to consider the introduction of the negative TA value based on the current MAC RAR structure.

Proposal 9: Detailed signalling design for negative TA in MAC RAR should be specified and following alternatives can be considered.
Alt.1: Indicate negative or positive for TA value in MAC RAR using 1 reserved bit
Alt.2: Reserved values of TA in MAC RAR (values from 3847 to 4095) is used to indicate negative TA, e.g.  

[image: ]
Figure 3: Data structure of MAC RAR


2.2. Power adjustment between DU and MT
Figure 4 shows the received power at IAB MT and DU. As shown in Fig.4, the received power difference between MT and DU may need to be reduced for interference control under specific scenarios, e.g., where IAB node has a single transceiver/antenna panel for the simultaneous reception. IAB node can control the DU UL Rx power by controlling UL Tx power of its child node / UEs. On the other hand, IAB node may need to ask the parent node to adjust the DL Tx power under specific scenarios, e.g. received power at IAB MT is much higher than that at IAB DU. Thus, an assistant information for DL Tx power of patent node can be reported by IAB node for simultaneous MT and DU reception.

Proposal 10: Assistant information for DL power of parent node can be semi-statically and/or dynamically reported by IAB-node for simultaneous MT and DU reception.

[image: ]
Figure 4: Received power at IAB DU and MT.

2.3. Cross link interference (CLI) for IAB
CLI for IAB is one of the discussion points for Rel-17 IAB discussion, and CLI for IAB is shown in Fig.5. As shown in Fig.5, interference due to DL signals transmitted by IAB node DU may be handled by using mechanism of inter IAB node discovery and measurements as in Rel-16, e.g. if DU Tx power of IAB node #1 is too strong for IAB node #0, IAB node #0 may change the parent link connection to IAB node #1 based on the inter IAB node measurement. Also, interference due to UL signals transmitted by IAB-node MT may be handled by using mechanism of CLI as in Rel-16, e.g. IAB node #0 may measure SRS transmitted by IAB node #1 MT and report SRS RSRP to provide the information whether the IAB node #1 MT Tx power is sufficient for IAB node #0 or not. Therefore, no additional mechanism may be necessary for the CLI for IAB.

Proposal 11: No additional mechanism is necessary for cross link interference for IAB.

[image: ]
Figure 5: Cross link interference for IAB

3. Conclusion
In this contribution, we discussed enhancements on IAB-node timing mode(s), extensions for DL/UL power control, and cross link interference (CLI) measurement of BH links to support simultaneous operation. Based on the discussion, we made following proposals.
Proposal 1: Indication of implementing multiple transceivers/antenna panels should be reported.

Proposal 2: Case #6 and #7 timing modes should be considered for IAB node which has single transceiver/antenna panel.

Proposal 3: Power adjustment between DU DL and MT UL should be considered.

Proposal 4: MT UL Tx timing should be controlled by TA as in Rel-15/16 for all cases (“case #1”, “case #6”, and “case #7”)

Proposal 5: IAB node should set its DL Tx timing ahead of its DL Rx timing by TA for case #6 timing mode.

Proposal 6: IAB node should set its DL Tx timing ahead of its DL Rx timing by TA/2 + T1/2 for case #7 timing mode. T1 is signalled from the parent node, which is the offset between parent DU Tx and DU Rx.

Proposal 7: IAB node should recognize TA types (case #1, case #6, case #7) to derive DL Tx timing.

Proposal 8: Negative TA value should be supported for case #7 timing mode.

Proposal 9: Detailed signalling design for negative TA in MAC RAR should be specified and following alternatives can be considered.
Alt.1: Indicate negative or positive for TA value in MAC RAR using 1 reserved bit
Alt.2: Reserved values of TA in MAC RAR (values from 3847 to 4095) is used to indicate negative TA, e.g.  

Proposal 10: Assistant information for DL power of parent node can be semi-statically and/or dynamically reported by IAB-node for simultaneous MT and DU reception.

Proposal 11: No additional mechanism is necessary for cross link interference for IAB.
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