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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 and power control.
	Discussion
	Timing alignment
[bookmark: _Hlk84018083]The following was agreed on Case 6 and Case 7 timing alignment in the previous meetings ‎[3]‎[4]:
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 (RAN#106-bis-e)
RAN1 to down select in RAN1#107-e one of the following for an OTA timing synchronization mechanism to enable/maintain Case 6 timing mode:
· Alt 1: no change or enhancement to the Rel-16 OTA synchronization specification is supported in Rel-17 for Case 6 timing.
· Alt 2: in Rel-17 the Rel-16 OTA synchronization specification is updated to support OTA synchronization for an IAB-node operating solely in Case 6 timing during IAB-MT Tx. 
· FFS range of T_delta.
NOTE: this is to provide a feasible solution to the RAN1#103-e agreement: “An IAB-node can rely on an OTA timing synchronization mechanism to enable/maintain Case 6 timing mode”
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.

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. Alt. 1 is preferred, i.e., reusing Rel-16 OTA timing for IAB-DU downlink transmissions, in order to realize Case 6 timing.
[bookmark: _Toc87030277][bookmark: _Toc87034049][bookmark: _Toc87034070][bookmark: _Toc87040814][bookmark: _Toc87041328][bookmark: _Toc87045365][bookmark: _Toc87046812]Support Alt. 1 for enabling/maintaining Case 6 timing, i.e., reuse Rel-16 OTA timing for IAB-DU downlink transmissions with no change or enhancement.
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: _Toc87030276][bookmark: _Toc87034050][bookmark: _Toc87034071][bookmark: _Toc87040815][bookmark: _Toc87041329][bookmark: _Toc87045366][bookmark: _Toc87046813]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: _Toc87030278][bookmark: _Toc87034051][bookmark: _Toc87034072][bookmark: _Toc87040816][bookmark: _Toc87041330][bookmark: _Toc87045367][bookmark: _Toc87046814]Support MAC CE signaling for activation/deactivation of Case 7 timing.
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: _Toc87030279][bookmark: _Toc87034052][bookmark: _Toc87034073][bookmark: _Toc87040817][bookmark: _Toc87041331][bookmark: _Toc87045368][bookmark: _Toc87046815]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: _Toc87030280][bookmark: _Toc87034053][bookmark: _Toc87034074][bookmark: _Toc87040818][bookmark: _Toc87041332][bookmark: _Toc87045369][bookmark: _Toc87046816]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: _Toc87030281][bookmark: _Toc87034054][bookmark: _Toc87034075][bookmark: _Toc87040819][bookmark: _Toc87041333][bookmark: _Toc87045370][bookmark: _Toc87046817]Support a unified framework for timing alignment Case 1, Case 6, and Case 7 timing modes.
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: _Toc87030282][bookmark: _Toc87034055][bookmark: _Toc87034076][bookmark: _Toc87040820][bookmark: _Toc87041334][bookmark: _Toc87045371][bookmark: _Toc87046818]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 IAB-MT UL Tx power control in RAN1#106-bis-e ‎‎[4]:
Agreement
The desired IAB-MT’s UL PSD range, provided by the IAB-MT to its parent-node, is indicated to be associated with some combination (one or multiple) of the following IAB-node’s configurations:
· Multiplexing mode, 
· MT’s UL beam (e.g., SRI id), 
· (MT CC, DU cell) pair,
· DU resource configuration
· FFS: slot index
· FFS: timing mode (e.g., Case-6 timing)

Agreement
The desired IAB-MT’s UL PSD range, provided by an IAB-MT to its parent-node, is indicated via a new MAC-CE.
· The indication further includes the associated configurations for which the indicated PSD range is applicable.
· FFS: the range of values for the indicated PSD range and whether RAN4 input is needed. 
· FFS: IAB-MT’s behaviour in case the configured/indicated UL TX power is outside the indicated desired PSD range and whether RAN4 input is needed.

As we have discussed in ‎[1], RAN1 has not defined a “multiplexing mode” for specification. In practice, one or multiple cases of simultaneous operations may occur depending on the number of antenna panels at an IAB node, resource configurations, hardware and operation constraints, and so on. Furthermore, it is not practical to inform the parent node of the current mode of operation. Hence, including the multiplexing mode in this power control message is not practical. Other parameters such as UL beam index, DU resource attributes, slot index, and timing mode may be included in the message.
[bookmark: _Toc87030283][bookmark: _Toc87034056][bookmark: _Toc87034077][bookmark: _Toc87040821][bookmark: _Toc87041335][bookmark: _Toc87045372][bookmark: _Toc87046819]Support indication of IAB-MT TL beam index, IAB-DU resource attributes, slot index, and timing mode in the message carrying the IAB-MT UL PSD range.

Furthermore, the following conclusion was made in the past meeting ‎[4]:
Conclusion
RAN1 to further discuss, under 8.10.2, whether to support new triggering conditions to send an updated PHR (e.g., upon change of multiplexing mode, or applying a desired DL TX power adjustment indication from a child-node).
When an IAB node receives a DL power adjustment signaling from its child node (served by its IAB-DU), if the IAB node applies the requested DL power adjustment, the UL Tx power PH or dynamic range of its IAB-MT may change. We propose to allow the IAB-MT to report PH or PH offset when the 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: _Toc87030284][bookmark: _Toc87034057][bookmark: _Toc87034078][bookmark: _Toc87040822][bookmark: _Toc87041336][bookmark: _Toc87045373][bookmark: _Toc87046820]Support the IAB-MT reporting power headroom or power headroom offset to its parent node when the IAB-DU receives a DL power adjustment message from its child node.

Next, the following was agreed on the request message (IAB-MT to parent node) for IAB-DU DL Tx power control in RAN1#106-bis-e ‎[4]:
Agreement
The following alternative is selected for the association between the indicated parent-node’s DL TX power adjustment, provided by an IAB-MT to its parent-node, and IAB-node’s resources and/or configurations:
· Alt 2. The desired DL TX power adjustment is indicated to be associated with some combination (one or multiple) of the following IAB-node’s configurations:
· Multiplexing mode
· MT’s DL beam (e.g. TCI state id)
· (MT CC, DU cell) pair
· DU resource configuration
· FFS: Slot index
· FFS: timing mode (e.g., Case-7 timing)
Agreement
The desired parent-node’s DL TX power adjustment, provided by an IAB-MT to its parent-node, is indicated via MAC-CE.
· The indication further includes the associated configurations and/or resources for which the indicated power adjustment is applicable.
· The indicated adjustment is in terms of a relative offset to a reference DL TX power. 
· FFS: the reference power (e.g., an RS such as CSI-RS, etc) for the indication of desired adjustment.
· FFS: the range of values for the indicated adjustment. 

The request message for DL TX power adjustment can include a value of power adjustment, e.g., in dB, with reference to a CSI-RS resource. With regards to other parameters in the request message, it can include IAB-MT’s DL beam index, DL signal/channel, and slot index, as they provide additional information for the parent node to apply the DL TX power adjustment when and where desired.
The issue with including a “multiplexing mode” has been discussed in ‎[1] as well as earlier in this section for the signaling proposed for UL PSD range indication. This parameter is impractical and redundant when resources and beam indices are already indicated in the request message.
[bookmark: _Toc84017968][bookmark: _Toc87030286][bookmark: _Toc87040824][bookmark: _Toc87041338][bookmark: _Toc87045375][bookmark: _Toc87034059][bookmark: _Toc87034080][bookmark: _Toc87046821]The request message (IAB-MT to parent node) for DL TX power adjustment includes a requested value of power adjustment, e.g., in dB, with reference to the power of a CSI-RS resource. The request message additionally includes indication of IAB-MT’s DL beam index, DL signal/channel, and slot index.
· [bookmark: _Toc87040825][bookmark: _Toc87041339][bookmark: _Toc87045376][bookmark: _Toc87046822]Indication of DU resource attributes and timing mode needs to be justified.
· [bookmark: _Toc87040826][bookmark: _Toc87041340][bookmark: _Toc87045377][bookmark: _Toc87046823]Do not support indication of a “multiplexing mode” in the request message.

Finally, the following was agreed on the response message (parent node to IAB-MT) for IAB-DU DL Tx power control in RAN1#106-bis-e ‎[4]:
Agreement
The DL TX power adjustment, provided by the parent-node to IAB-MT, is indicated to be associated with some combination (one or multiple) of the following IAB-node’s configurations:
· Multiplexing mode 
· MT’s DL beam (e.g., TCI state id, RS id)
· (MT CC, DU cell) pair
· DU resource configuration
· FFS: DL signal/channel type
· FFS: slot index
· FFS: timing mode (e.g., Case-7 timing)
Agreement
The indicated DL TX power adjustment is not applied to SSBs.
· FFS: any other cell-specific/semi-static DL signal to be exempted.
· FFS: applicability of the indicated TX power adjustment to other RS/channel which share the same QCL Type-D assumption.
Agreement
The DL TX power adjustment, provided by the parent-node to the IAB-MT, is indicated via MAC-CE.
· The indication further includes the associated configurations and/or resources for which the indicated power adjustment is applicable.
· The indicated adjustment is in terms of a relative offset to a reference DL TX power. 
· FFS: the reference power (e.g., an RS such as CSI-RS, etc) for the indication of DL Tx power adjustment.
· FFS: the range of values for the indicated adjustment. 

Similarly, the response message for DL TX power adjustment can include a value of power adjustment, e.g., in dB, with reference to a CSI-RS resource. Furthermore, the response message can make a reference to the request message, for example by a request ID. With regards to other parameters in the response message, it can include IAB-MT’s DL beam index, DL signal/channel, and slot index.
Similar issues with including a “multiplexing mode” are echoed for the response message as well.
[bookmark: _Toc87041341][bookmark: _Toc87045378][bookmark: _Toc87046824]The response message (parent node to IAB-MT) for DL TX power adjustment includes a granted value of power adjustment, e.g., in dB, with reference to the power of a CSI-RS resource, as well as reference to the request message. The response message additionally includes indication of IAB-MT’s DL beam index, DL signal/channel, and slot index.
· [bookmark: _Toc87041342][bookmark: _Toc87045379][bookmark: _Toc87046825]Indication of DU resource attributes and timing mode needs to be justified.
· [bookmark: _Toc87041343][bookmark: _Toc87045380][bookmark: _Toc87046826]Do not support indication of a “multiplexing mode” in the response message.
[bookmark: p2][bookmark: p3]
	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 Alt. 1 for enabling/maintaining Case 6 timing, i.e., reuse Rel-16 OTA timing for IAB-DU downlink transmissions with no change or enhancement.
Proposal 2:	Support MAC CE signaling for activation/deactivation of Case 6 timing.
Proposal 3:	Support MAC CE signaling for activation/deactivation of Case 7 timing.
Proposal 4:	Support RRC configuration for Case 6 and Case 7 timing alignment in addition to dynamic signaling.
Proposal 5:	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 6:	Support a unified framework for timing alignment Case 1, Case 6, and Case 7 timing modes.
Proposal 7:	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 8:	Support indication of IAB-MT TL beam index, IAB-DU resource attributes, slot index, and timing mode in the message carrying the IAB-MT UL PSD range.
Proposal 9:	Support the IAB-MT reporting power headroom or power headroom offset to its parent node when the IAB-DU receives a DL power adjustment message from its child node.
Proposal 10:	The request message (IAB-MT to parent node) for DL TX power adjustment includes a requested value of power adjustment, e.g., in dB, with reference to the power of a CSI-RS resource. The request message additionally includes indication of IAB-MT’s DL beam index, DL signal/channel, and slot index.
-	Indication of DU resource attributes and timing mode needs to be justified.
-	Do not support indication of a “multiplexing mode” in the request message.
Proposal 11:	The response message (parent node to IAB-MT) for DL TX power adjustment includes a granted value of power adjustment, e.g., in dB, with reference to the power of a CSI-RS resource, as well as reference to the request message. The response message additionally includes indication of IAB-MT’s DL beam index, DL signal/channel, and slot index.
-	Indication of DU resource attributes and timing mode needs to be justified.
-	Do not support indication of a “multiplexing mode” in the response message.
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