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[bookmark: _Ref4510574]Introduction
Rel-17 WI to enhance integrated access and backhaul (IAB) aims the following RAN1-led objectives, related to duplexing enhancements [1]:
· 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 our companion paper [2], we present our views on potential techniques and required signalling to enhance resource multiplexing between IAB node’s child and parent links. In this contribution, we specifically discuss enhancements on power control to facilitate simultaneous operation between parent and child links within an IAB node. 

IAB-MT Tx Timing for Case 6 & 7
While Rel-16 IAB is mainly limited to Case 1 timing, where IAB-nodes and IAB-donors are aligned at DL transmission timing and UL timing at each IAB-MT’s transmission is achieved through TA commands by the parent IAB-DU similar to legacy UE, in Rel-17 it was agreed in RAN1#102e to support both Case 6 and Case 7 timing, respectively in multiplexing scenario with simultaneous MT-Tx/DU-Tx and MT-Rx/DU-Rx. Although, it is known that slot boundary synchronization between IAB-DU and IAB-MT within an IAB node may result some issues. For instance, in Case 6 timing, parent IAB-DU may not multiplex different IAB-MTs (on backhaul and/or legacy UEs on access), if IAB-MTs go through different propagation delays. In such a case, although IAB-MTs may transmit at the same time but the transmissions are not received at CP by the parent IAB-DU.

It was agreed in RAN1#104-e that [3]:
Agreement: Case 7 timing is supported with symbol level alignment without explicit support for slot level alignment

And in RAN1#105-e, it was agreed that [4]:
Agreement: RAN1 to downselect how the IAB-MT Tx timing is set for Case 6 timing at a given IAB-node:
· Alt1: the IAB-MT Tx timing is obtained by the node via the legacy TA loop plus an offset from the parent node.
· FFS details of the required offset.
· Alt2: the IAB-MT Tx timing is set by the node to the timing obtained for the node’s DL Tx.
· Alt3: the IAB-MT Tx timing is obtained by the node jointly with the IAB-DU Tx timing via a common offset from the parent node.
Downselection to consider at least the following aspects:
· Dependency of DL synchronization schemes at the IAB-DU
· Potential additional signaling overhead.
· Achievable DU Tx / MT Tx alignment error tolerance.
· Suitability for switching between timing modes.

Agreement: RAN1 to downselect how the IAB-MT Tx timing is set at an IAB-node for Case 7 timing at the parent node:
· Alt1: the IAB-MT Tx timing of the node is obtained via the legacy TA loop plus an offset from the parent node.
· FFS details of the required offset
· Alt2: the IAB-MT Tx timing of the node is obtained via the legacy TA loop from the parent node.
· Alt3: the IAB-MT Tx timing of the node is obtained via a Case 7 specific TA loop from the parent node.
Downselection to consider at least the following aspects:
· Potential impact to OTA synchronization availability for DU Tx at the IAB-node.
· Potential additional signaling overhead.
· Suitability for switching between timing modes.

For Case 6 timing, and in comparison between Alt1 and Alt2, in our view Alt1 is able to provide more flexibility at the parent IAB-DU for UL multiplexing of different child IAB-MTs with different propagation delays. Of course for scenarios, Alt1 may lose slot alignment for Tx timing within an IAB node, which is achievable by Alt2, but given that by setting the offset value slot alignment is achieved as well (if needed), we think Alt1 is preferred. There exists a similar argument for Case 7 timing. Based on this discussion, we have the following proposals:
  
Proposal 1: For Case 6 timing at a given IAB node, the IAB-MT Tx timing is obtained by the node via the legacy TA loop plus an offset from the parent node.

Proposal 2: For Case 7 timing at the parent node, the IAB-MT Tx timing of the child is obtained by the node via the legacy TA loop plus an offset from the parent node.

IAB-MT PHR for Simultaneous Operation within an IAB-node

IAB specification in Rel-16 is mainly limited to TDM operation within DU and MT components of an IAB node. In Rel-17, and as part of enhanced resource multiplexing, SDM and FDM multiplexing within an IAB node is being discussed. To achieve simultaneous operation and manage possible interference, UL and DL power control mechanism needs to be designed or revisited. 

In Rel-16 specification, IAB-MT power control is mainly treated similar to as a regular UE. Similarly, for power headroom report (PHR), an IAB-MT in Rel-16 can provide to the parent IAB-DU information about the difference between the nominal IAB-MT maximum transmit power and the estimated power for uplink transmission. For TDM operation between IAB-DU and IAB-MT within an IAB node, Rel-16 specification for power control and PHR should work. Although, for simultaneous operation between the parent and child links within an IAB, as it is the focus of IAB enhancement in Rel-17, transmission on IAB-MT may result large interference to other receiving nodes. For example, for simultaneous transmission of IAB-MT and IAB-DU, IAB-MT’s transmission may make interference to legacy UE’s reception on access link or the child IAB-MT’s reception on the backhaul link, as shown in Figure 1. In that regard, it was agreed in RAN1#104-e that [3]:

Agreement: RAN1 to further study whether the legacy UL power control mechanism (including PHR) is sufficient for an IAB-node operating in an enhanced multiplexing mode.
· FFS: if not (i.e., the legacy mechanism is not sufficient), support an IAB-node indicating information to assist with its UL power control.

Next, in RAN1#105-e it was agreed that [4]:
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 

Given that IAB operation may switch between different duplexing modes, e.g. from TDM to SDM/FDM and vice versa, parent IAB-DU will ideally benefit a report from IAB-MT that indicates PHR for each duplexing mode (instead of multiple PHR reports each associated with one operation mode). To achieve this, IAB-MT can report PHR for a single operation mode, e.g. TDD, and the existing reserved bits in MAC-CE for PHR report can be repurposed to indicate the offset to the original PHR report for IAB-MT’s operation with simultaneous IAB-DU’s transmission or reception. Based on the above discussions, we have the following proposals:

Proposal 3: An IAB-MT reports a single PHR to its parent IAB-DU, corresponding to TDM multiplexing as legacy, and in addition IAB-MT indicates an offset to the reported PHR for the case of simultaneous operation with DU within an IAB node  
 
Proposal 4: To indicate the offset in PHR for different operation modes within an IAB node: 
· The 6 bits for PHR in the Single Entry PHR MAC-CE structure represent the legacy PHR report for the case of TDM mode
· The 4 reserved bits for each PHR may be used to indicate the offset to the legacy PHR, i.e corresponding to the simultaneous Tx  
· Alternatively, the offset is semi-statically configured and is indicated to parent IAB-DU by gNB-CU through F1
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Figure 1: Simultaneous transmission within an IAB-node.



From 38.321, we know that a PHR shall be triggered under couple of events, including:
· phr-ProhibitTimer expires or has expired and the path loss has changed more than phr-Tx-PowerFactorChange dB for at least one activated Serving Cell of any MAC entity which is used as a pathloss reference since the last transmission of a PHR in this MAC entity when the MAC entity has UL resources for new transmission
· phr-PeriodicTimer expires

For the case of IAB-MT operation in Rel-17, change of operation mode can be another source to trigger PHR report. For example, if IAB-MT is currently operating in TDM mode, but it is indicated to switch to simultaneous transmission with the IAB-DU, the PHR report for the two operation modes could be different, as it was discussed above. In summary, in addition to existing Rel-16 events, the other events that may trigger PHR for an IAB-MT are as follows:
· From TDM to simultaneous MT-Tx & DU-Tx or vice versa
· From TDM to simultaneous MT-Tx & DU-Rx or vice versa
· From simultaneous MT-Tx & DU-Tx to simultaneous MT-Tx & DU-Rx or vice versa

Based on the above discussions, we have the following proposals:

Proposal 5: In addition to current events that trigger a PHR report, change of duplexing mode within an IAB node may trigger a PHR report at IAB-MT.


Conclusions
In this contribution, we provided our views on IAB-MT Tx timing for Case 6 and Case 7. We also shared our thoughts on techniques for PHR report from an IAB-MT to enhance resource multiplexing between IAB node’s parent and child links. Based on views shared in this paper, we make the following proposals:

Proposal 1: For Case 6 timing at a given IAB node, the IAB-MT Tx timing is obtained by the node via the legacy TA loop plus an offset from the parent node.

Proposal 2: For Case 7 timing at the parent node, the IAB-MT Tx timing of the child is obtained by the node via the legacy TA loop plus an offset from the parent node.

Proposal 3: An IAB-MT reports a single PHR to its parent IAB-DU, corresponding to TDM multiplexing as legacy, and in addition IAB-MT indicates an offset to the reported PHR for the case of simultaneous operation with DU within an IAB node  
 
Proposal 4: To indicate the offset in PHR for different operation modes within an IAB node: 
· The 6 bits for PHR in the Single Entry PHR MAC-CE structure represent the legacy PHR report for the case of TDM mode
· The 4 reserved bits for each PHR may be used to indicate the offset to the legacy PHR, i.e corresponding to the simultaneous Tx  
· Alternatively, the offset is semi-statically configured and is indicated to parent IAB-DU by gNB-CU through F1

Proposal 5: In addition to current events that trigger a PHR report, change of duplexing mode within an IAB node may trigger a PHR report at IAB-MT.
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