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	Introduction
In a companion paper ‎[1], we provide our views on resource multiplexing in eIAB systems. In this paper, we discuss enabling features such as timing alignment, power control, and interference management.
	Discussion
	Timing alignment
[bookmark: _Hlk84018083]The following was agreed on Case 6 and Case 7 timing alignment in the previous meeting ‎[3]:
Agreement
For Case 6 timing at a given IAB-node, the IAB-MT Tx timing is set by the node to the timing obtained for the node’s DL Tx.
· FFS: Need for additional details with reference to support of OTA synchronization (e.g. T_delta)
Agreement
For Case 7 timing at a parent node, the IAB-MT Tx timing of the node is obtained via the legacy TA loop plus an offset from the parent node.
· FFS range, granularity, and signaling details of the offset.
Agreement
An IAB-node is explicitly indicated by the parent node when Case 6 timing is performed at the IAB-node at least for specific time resources.
· FFS: whether the indication should be associated with another dimensions, e.g. multiplexing cases
· FFS whether an IAB-node is explicitly indicated by the parent node when Case 7 timing is performed at the IAB-node.
Conclusion
Details on the design of the indication of when Case 6 timing (and Case 7 timing, if agreed) is performed at the IAB-node are to be discussed under 8.10.1.   
Agreement
An IAB-node is explicitly indicated by the parent node when Case 7 timing is performed at the parent node.
· FFS for signalling details

Case 6 timing alignment:
Since it is agreed to set IAB-MT Tx timing to the IAB-DU Tx timing, there is no need for additional specification as IAB-DU Tx timing follows Case 1 timing alignment specified in Rel-16.
With respect to indication signaling, dynamic indication to activate/deactivate Case 6 timing is needed in order to allow IAB nodes to adapt to varying conditions for realizing multiplexing cases. We propose MAC CE signaling for reliable activation/deactivation of Case 6 timing.
[bookmark: _Toc84012629][bookmark: _Toc84017960][bookmark: _Toc84019201][bookmark: _Toc84022332]Support MAC CE signaling for activation/deactivation of Case 6 timing.
Case 7 timing alignment:
Similarly, the parent IAB node can use MAC CE signaling for activating/deactivating Case 7 timing. The message activating Case 7 timing can additionally carry an additional TA value as offset to the legacy TA value.
[bookmark: _Toc84012630][bookmark: _Toc84017961][bookmark: _Toc84019202][bookmark: _Toc84022333]Support MAC CE signaling for activation/deactivation of Case 7 timing. The activation MAC CE message can carry an additional TA value as offset to the legacy TA value.
RRC configuration:
In addition to dynamic signalling, indicating timing alignment mode by RRC can be beneficial in some scenarios.
For example, Case 6 timing alignment should be applied when UL resources are configured for IAB-MT and DL resources are configured for IAB-DU; and conversely, Case 7 timing alignment should be applied when DL resources are configured for IAB-MT and UL resources are configured for IAB-DU.
However, in a multi-hop scenario, since timing alignment modes affect child nodes’ timing, an indication of whether Case 6 or Case 7 timing can be applied to certain time-frequency resources can be determined by RRC in order to resolve timing conflicts in consecutive hops. For example, RRC can indicate to the parent node and its child node on which resources each can activate Case 6 or Case 7 timing modes.
[bookmark: _Toc54333407][bookmark: _Toc54334221][bookmark: _Toc54335452][bookmark: _Toc54336346][bookmark: _Toc54337822][bookmark: _Toc54338579][bookmark: _Toc54339091][bookmark: _Toc54339223][bookmark: _Toc54340304][bookmark: _Toc54345672][bookmark: _Toc61554239][bookmark: _Toc61556557][bookmark: _Toc61556771][bookmark: _Toc61557417][bookmark: _Toc61558127][bookmark: _Toc61559436][bookmark: _Toc61860810][bookmark: _Toc61869498][bookmark: _Toc61870339][bookmark: _Toc61871475][bookmark: _Toc61874653][bookmark: _Toc61893678][bookmark: _Toc71645244][bookmark: _Toc71646779][bookmark: _Toc71648191][bookmark: _Toc71649890][bookmark: _Toc71655190][bookmark: _Toc71659405][bookmark: _Toc71659887][bookmark: _Toc71665109][bookmark: _Toc71668882][bookmark: _Toc71668927][bookmark: _Toc71668991][bookmark: _Toc71671243][bookmark: _Toc71671397][bookmark: _Toc79159549][bookmark: _Toc79159665][bookmark: _Toc79178198][bookmark: _Toc83997283][bookmark: _Toc84012631][bookmark: _Toc84017962][bookmark: _Toc84019203][bookmark: _Toc84022334]Support RRC configuration for Case-6 and Case-7 timing alignment in addition to dynamic signaling.
The RRC indication and dynamic signalling are, of course, linked to multiplexing capability of the IAB node as well as whether the IAB node requires enhanced timing alignment as explained later in this section.
[bookmark: _Toc84012632][bookmark: _Toc84017963][bookmark: _Toc84019204][bookmark: _Toc84022335]Signalling for timing alignment indication is linked to multiplexing capability of the IAB node as well as whether the IAB node requires enhanced timing alignment.
Unified timing alignment:
It was proposed in the previous meetings to support a unified timing alignment framework. This approach can simplify signaling of timing alignment and provide higher flexibility for future extensions.
In order to realize a unified scheme, we should note that the uplink timing for legacy TA, Case 6, and Case 7 can be written in the following canonical form:

In this equation,  is obtained by legacy TA command,  is obtained for Case 1, which in turn determines uplink transmission time for Case 6, and  is the additional TA for Case 7 as agreed. By setting the constant coefficients , the IAB node can determine the timing advance  for any of legacy TA (Case 1), Case 6, and Case 7 modes.
[bookmark: _Toc61556559][bookmark: _Toc61556773][bookmark: _Toc61557419][bookmark: _Toc61558129][bookmark: _Toc61559438][bookmark: _Toc61860812][bookmark: _Toc61869500][bookmark: _Toc61870341][bookmark: _Toc61871477][bookmark: _Toc61874655][bookmark: _Toc61893680][bookmark: _Toc71645246][bookmark: _Toc71646781][bookmark: _Toc71648193][bookmark: _Toc71649892][bookmark: _Toc71655193][bookmark: _Toc71659408][bookmark: _Toc71659890][bookmark: _Toc71665112][bookmark: _Toc71668885][bookmark: _Toc71668930][bookmark: _Toc71668994][bookmark: _Toc71671246][bookmark: _Toc71671400][bookmark: _Toc79159553][bookmark: _Toc79159669][bookmark: _Toc79178202][bookmark: _Toc84012635][bookmark: _Toc84017964][bookmark: _Toc84019205][bookmark: _Toc84022336]Support a unified framework for timing alignment.
Capability signaling:
An important outstanding issue that RAN1 is yet to discuss is whether enhanced timing alignment is needed in the first place. Particularly if the IAB node has multiple IFFT/FFT windows for OFDM processing, it does not need to perform timing alignment further than Case 1, which can improve the applicability of simultaneous operations significantly. Therefore, we propose that the IAB node’s capability for timing alignment be reported to the IAB donor and/or the parent node.
[bookmark: _Toc61554238][bookmark: _Toc61556556][bookmark: _Toc61556770][bookmark: _Toc61557416][bookmark: _Toc61558126][bookmark: _Toc61559435][bookmark: _Toc61860809][bookmark: _Toc61869497][bookmark: _Toc61870338][bookmark: _Toc61871474][bookmark: _Toc61874652][bookmark: _Toc61893677][bookmark: _Toc71645243][bookmark: _Toc71646778][bookmark: _Toc71648190][bookmark: _Toc71649889][bookmark: _Toc71655189][bookmark: _Toc71659403][bookmark: _Toc71659885][bookmark: _Toc71665107][bookmark: _Toc71668880][bookmark: _Toc71668925][bookmark: _Toc71668989][bookmark: _Toc71671241][bookmark: _Toc71671395][bookmark: _Toc79159548][bookmark: _Toc79159664][bookmark: _Toc79178197][bookmark: _Toc83997282][bookmark: _Toc84012637][bookmark: _Toc84017965][bookmark: _Toc84019206][bookmark: _Toc84022337]Support a capability signalling, e.g., number of IFFT/FFT windows, to indicate whether the IAB node requires timing alignment between IAB-MT and IAB-DU operations. If negative, the IAB node can transmit unaligned OFDM symbols (Case A) and receive/process unaligned OFDM symbols (Case B), which simplifies signalling and configuration significantly.
Power control
The following was agreed on assistance information for MT UL Tx power control in the previous meetings ‎[2]‎[3]:
Agreement
Decide in RAN1#106-e whether to support an IAB-node indicating assistance information to help with its MT’s UL TX power control. The assistance information can be:
· FFS: Desired TX power
· FFS: Offset to a baseline PHR
· FFS: Desired dynamic range
FFS: whether this information is provided to the parent-node, the CU, or both.
FFS: whether the MT’s UL TX power control formula needs to be changed 
Agreement
Support an IAB-node indicating its desired IAB-MT PSD range to help with its MT’s UL TX power control.
· This information is provided to the parent node
FFS: Applicability of assistance information, e.g., per multiplexing scenario, per resource, etc.
FFS: Signalling details, including the possibility to extend PHR.
With respect to FFS points, UL Tx power PH or dynamic range of the IAB-MT may change due to changes in the DL Tx power of the collocated IAB-DU, which may occur as a result of receiving a DL power adjustment signaling from a child node served by the IAB-DU. Therefore, we propose to allow the IAB-MT to report PH or PH offset when a collocated IAB-DU receives a DL power adjustment control signaling from its child node.
[bookmark: _Toc79159558][bookmark: _Toc79159674][bookmark: _Toc79178207][bookmark: _Toc83997284][bookmark: _Toc84012640][bookmark: _Toc84017966][bookmark: _Toc84019207][bookmark: _Toc84022338]Support IAB-MT reporting power headroom or power headroom offset to its parent node when a collocated IAB-DU receives a DL power adjustment message from its child node.
Regarding applicability of the assistance information, it should be noted that the PH variations are related to specific resources at the IAB node. For example, when the IAB node performs MT UL Tx, the multiplexing case may be Case A or Case C depending on whether the simultaneous DU operation is DL Tx or UL RX, respectively. The possible PH variations in this case are related to Case A, not Case C. Therefore, the IAB node can indicate the time-frequency resources on which the PH offset is applicable. In addition to D/U/F attributes, H/S/NA attributes of DU resources may have an impact on PH variations, which can be further studied.
[bookmark: _Toc84017967][bookmark: _Toc84019208][bookmark: _Toc84022339]Support PH or PH offset reporting for specific time-frequency resources and/or specific D/U/F resource attributes. Further study relationship with H/S/NA attributes.
Next, the following was agreed on assistance information for DU DL Tx power control in the previous meetings ‎[2]‎[3]:
Agreement
The information to assist DL power allocation of the parent-node is indicated by the IAB-MT to the parent node DU in terms of desired power adjustment.
· FFS applicability of assistance information, e.g. per multiplexing scenario, per resource, etc.
Agreement
The desired DL TX power adjustment, indicated by the IAB-MT to its parent-node to assist with the parent-node’s DL TX power allocation, is provided at least for specific time resources. 
The desired DL TX power adjustment can further be associated with spatial configuration. (e.g., MT’s DL RX beams).
· FFS: signalling details, e.g. indication via MAC-CE, PUCCH, or legacy CSI framework.
Agreement
Support an IAB-node indicating adjustment to its DL TX power to a child node (e.g., in response to receiving the DL TX power assistance information from the child node) at least for specific time resources.
The DL TX power adjustment indication can further be associated with spatial configuration. (e.g., MT’s DL RX beams).
· FFS: signalling details.
We propose to introduce MAC CE signaling for both the request message (from the IAB node to its parent node) and the response message (from the parent node back to the IAB node).
The request message should include a value of power adjustment in dB. The message can further indicate time-frequency resources as well as spatial information to which the request message is applied.
[bookmark: _Toc84017968][bookmark: _Toc84019209][bookmark: _Toc84022340]Support MAC CE signaling for the DL TX power adjustment request from the IAB node to its parent node. The request message includes a requested value of power adjustment in dB as well indication of time-frequency resources and spatial information.
Similarly, the response message can include indication of time-frequency resources as well as spatial information. Moreover, it should be noted that since the parent node may grant a power adjustment that may not be necessarily equal to the power adjustment value request by the IAB node, it is practical to include a value of granted power adjustment in dB in the response message as well.
[bookmark: _Toc84017969][bookmark: _Toc84019210][bookmark: _Toc84022341]Support MAC CE signaling for the DL TX power adjustment response from the parent node back to the IAB node. The response message includes a value of granted power adjustment in dB as well indication of time-frequency resources and spatial information.
[bookmark: p2][bookmark: p3]	Interference management
According to Rel-16 CLI, the victim IAB node receives configuration information for SRS from the aggressor IAB node. But the timing of the SRS transmission is unknown to the victim node, hence potentially reducing the measurement accuracy if left to implementation. Compared to UE-to-UE CLI, the matter might be worse in the case of IAB due to various timing alignment modes in the uplink.
Addressing this issue for UE-to-UE CLI could be complicated, possibly requiring inter-gNB signaling for conveying timing information. However, since the aggressor node transmits SSBs, the victim node can obtain the timing and utilize that for timing adjustment.
[bookmark: _Toc54333411][bookmark: _Toc54334225][bookmark: _Toc54335456][bookmark: _Toc54336349][bookmark: _Toc54337825][bookmark: _Toc54338582][bookmark: _Toc54339094][bookmark: _Toc54339226][bookmark: _Toc54340307][bookmark: _Toc54345675][bookmark: _Toc61554242][bookmark: _Toc61556561][bookmark: _Toc61556775][bookmark: _Toc61557421][bookmark: _Toc61558131][bookmark: _Toc61559440][bookmark: _Toc61860814][bookmark: _Toc61869502][bookmark: _Toc61870343][bookmark: _Toc61871479][bookmark: _Toc61874658][bookmark: _Toc61893683][bookmark: _Toc71645249][bookmark: _Toc71646784][bookmark: _Toc71648196][bookmark: _Toc71649896][bookmark: _Toc71655197][bookmark: _Toc71659412][bookmark: _Toc71659895][bookmark: _Toc71665118][bookmark: _Toc71668890][bookmark: _Toc71668935][bookmark: _Toc71668999][bookmark: _Toc71671252][bookmark: _Toc71671406][bookmark: _Toc79159560][bookmark: _Toc79159676][bookmark: _Toc79178209][bookmark: _Toc83997286][bookmark: _Toc84012643][bookmark: _Toc84017971][bookmark: _Toc84019212][bookmark: _Toc84022342]Support timing adjustment for CLI measurements at the victim node based on timing obtained by receiving SSB from the aggressor node.
Advantages pursued by deploying IAB systems are reducing cell planning efforts and support for mobile small cells. IAB systems are expected to measure interference frequently and respond appropriately in a timely manner. That includes cross-link interference (CLI) and inter-cell interference (ICI) as well as self-interference (SI) in the case of enhanced duplexing. Enhancements to interference management in IAB systems is further encouraged by the possibility of more effective coordination among IAB nodes that are connected to the same IAB donor; responding to prohibitive interference by proper beamforming and power control; and so on.
Consider the scenario in ‎Figure 2.
[image: ]
[bookmark: _Ref61867473]. Example scenario for CLI and SI
For MT to MT, DU to DU, DU to MT, and MT to DU interference between different IAB nodes, existing CLI and ICI mechanisms can be taken as a starting point for enhancements. Particularly, for managing interference between IAB nodes served by the same IAB donor, it is possible for the IAB donor to configure CSI-RS or SRS to measure downlink or uplink interference from an IAB-DU or IAB-MT, respectively, and share this information with IAB nodes in the vicinity. Since the interference from the DU or MT on other IAB nodes changes with variations in beamforming, Tx power, mobility, etc., the reference signal can be transmitted while such parameters are applied according to upcoming transmissions, hence allowing other IAB nodes to measure the resulting interference.
[bookmark: _Toc61869504][bookmark: _Toc61870345][bookmark: _Toc61871481][bookmark: _Toc61874660][bookmark: _Toc61893685][bookmark: _Toc71645251][bookmark: _Toc71646786][bookmark: _Toc71648198][bookmark: _Toc71649898][bookmark: _Toc71655199][bookmark: _Toc71659414][bookmark: _Toc71659897][bookmark: _Toc71665120][bookmark: _Toc71668892][bookmark: _Toc71668937][bookmark: _Toc71669001][bookmark: _Toc71671254][bookmark: _Toc71671408][bookmark: _Toc79159562][bookmark: _Toc79159678][bookmark: _Toc79178211][bookmark: _Toc83997287][bookmark: _Toc84012645][bookmark: _Toc84017972][bookmark: _Toc84019213][bookmark: _Toc84022343]Support configuration of reference signals for measuring CLI according to the aggressor node’s current beamforming, Tx power, etc.
A similar situation applies to the case of self-interference for enhanced duplexing. Since beamforming can change the amount of SI between DU and MT of the IAB node, and since this interference generally depends on the environment, which may be varying in the case of mobile IAB or changing scattering environment, it is desired to devise similar mechanisms for SI measurement. In order to save resource overhead, same reference signals can be used for CLI and SI. Therefore, we propose to consider the different types of interference under the same framework.
[bookmark: _Toc54311506][bookmark: _Toc54311606][bookmark: _Toc54311801][bookmark: _Toc54332054][bookmark: _Toc54332732][bookmark: _Toc54332776][bookmark: _Toc54332818][bookmark: _Toc54336718][bookmark: _Toc54336879][bookmark: _Toc54341456][bookmark: _Toc54341514][bookmark: _Toc54345803][bookmark: _Toc54393520][bookmark: _Toc54393581][bookmark: _Toc54393720][bookmark: _Toc61520646][bookmark: _Toc61536512][bookmark: _Toc61541292][bookmark: _Toc61541344][bookmark: _Toc61544635][bookmark: _Toc61547548][bookmark: _Toc61558133][bookmark: _Toc61559442][bookmark: _Toc61860816][bookmark: _Toc61869505][bookmark: _Toc61870346][bookmark: _Toc61871482][bookmark: _Toc61874661][bookmark: _Toc61893686][bookmark: _Toc71645252][bookmark: _Toc71646787][bookmark: _Toc71648199][bookmark: _Toc71649899][bookmark: _Toc71655200][bookmark: _Toc71659415][bookmark: _Toc71659898][bookmark: _Toc71665121][bookmark: _Toc71668893][bookmark: _Toc71668938][bookmark: _Toc71669002][bookmark: _Toc71671255][bookmark: _Toc71671409][bookmark: _Toc79159563][bookmark: _Toc79159679][bookmark: _Toc79178212][bookmark: _Toc83997288][bookmark: _Toc84012646][bookmark: _Toc84017973][bookmark: _Toc84019214][bookmark: _Toc84022344]Support interference management, including CLI and SI, at least among IAB nodes connected to the same IAB donor. CLI and SI management can be specified under the same framework in order to reduce specification effort, improve implementation flexibility, and save resource overhead for reference signals.
The following was agreed in the previous meetings ‎[2]‎[3]:
Agreement
Rel-16 CLI coordination signalling (Intended TDD DL-UL Configuration) is extended to support IAB specific UFD patterns.
· FFS: Support the exchange of IAB-DU H/S/NA resource configuration information among neighbouring IAB-nodes/IAB-donors for CLI management purposes.
Agreement
· Support the exchange of semi-static Rel-16 IAB-DU H/S/NA resource configuration information and Rel-17 frequency domain IAB-DU H/S/NA resource configuration information among neighbouring IAB-nodes/IAB-donors
Communicating H/S/NA resource configuration information to nearby cells can help with anticipating variable interference and taking appropriate actions for interference avoidance and handling. However, sending complete information of H/S/NA resource configurations imposes a large overhead, especially in the presence of topological changes. Therefore, we propose the following.
[bookmark: _Toc83997289][bookmark: _Toc84012648][bookmark: _Toc84017974][bookmark: _Toc84019215][bookmark: _Toc84022345]Investigate how to reduce signaling overhead of transmitting H/S/NA information to neighboring IAB donors/nodes.
	Conclusions
In this contribution, we discussed other enhancements for simultaneous operation of child and parent links of an IAB-node and made the following proposals:
Proposal 1:	Support MAC CE signaling for activation/deactivation of Case 6 timing.
Proposal 2:	Support MAC CE signaling for activation/deactivation of Case 7 timing. The activation MAC CE message can carry an additional TA value as offset to the legacy TA value.
Proposal 3:	Support RRC configuration for Case-6 and Case-7 timing alignment in addition to dynamic signaling.
Proposal 4:	Signalling for timing alignment indication is linked to multiplexing capability of the IAB node as well as whether the IAB node requires enhanced timing alignment.
Proposal 5:	Support a unified framework for timing alignment.
Proposal 6:	Support a capability signalling, e.g., number of IFFT/FFT windows, to indicate whether the IAB node requires timing alignment between IAB-MT and IAB-DU operations. If negative, the IAB node can transmit unaligned OFDM symbols (Case A) and receive/process unaligned OFDM symbols (Case B), which simplifies signalling and configuration significantly.
Proposal 7:	Support IAB-MT reporting power headroom or power headroom offset to its parent node when a collocated IAB-DU receives a DL power adjustment message from its child node.
Proposal 8:	Support PH or PH offset reporting for specific time-frequency resources and/or specific D/U/F resource attributes. Further study relationship with H/S/NA attributes.
Proposal 9:	Support MAC CE signaling for the DL TX power adjustment request from the IAB node to its parent node. The request message includes a requested value of power adjustment in dB as well indication of time-frequency resources and spatial information.
Proposal 10:	Support MAC CE signaling for the DL TX power adjustment response from the parent node back to the IAB node. The response message includes a value of granted power adjustment in dB as well indication of time-frequency resources and spatial information.
Proposal 11:	Support timing adjustment for CLI measurements at the victim node based on timing obtained by receiving SSB from the aggressor node.
Proposal 12:	Support configuration of reference signals for measuring CLI according to the aggressor node’s current beamforming, Tx power, etc.
Proposal 13:	Support interference management, including CLI and SI, at least among IAB nodes connected to the same IAB donor. CLI and SI management can be specified under the same framework in order to reduce specification effort, improve implementation flexibility, and save resource overhead for reference signals.
Proposal 14:	Investigate how to reduce signaling overhead of transmitting H/S/NA information to neighboring IAB donors/nodes.
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