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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
This contribution focuses on the enhancements for simultaneous operation of DU and MT including: the remaining issues of timing alignment, potential power control enhancements and CLI management.
[bookmark: _Ref129681832]Timing alignment enhancement
In RAN1 #106-e, the following agreements for IAB enhancement on timing was achieved:
	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.
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



Remaining issue of Case 7 timing
For Case 7 timing, the IAB-MT Tx timing is obtained via the legacy TA loop plus an offset from the parent node. The range, granularity, and signaling details of the offset are FFS. 
As shown in Figure 1, the UL RX timing of IAB DU is the ahead of DL TX timing by TA_offset. For an IAB node operating with Case 7 timing, the IAB MT DL Rx timing is behind the parent IAB DU Tx timing by Tp. Assuming symbol level alignment, the DU UL Rx timing in Case 7 timing is ahead of MT DL Rx timing by a symbol duration. Therefore, the offset between DU UL RX timing of Case 1 and Case 7 plus TA_offset and Tp should be equal to a symbol duration. This means that the range of the offset for Case 7 timing depends on the propagation delay between two IAB nodes and also the symbol duration. Therefore, the following equation holds: , where  is the symbol duration. The range of offset for Case 7 timing is: ,  refer to the maximum propagation delay. The granularity of TA could be used for Case 7 timing offset.
Proposal 1: For the offset of Case 7 timing, the granularity of TA can be used, and the range can be derived based on the propagation delay between two nodes and the symbol duration.
[image: ]
Figure 1: Case #7 timing mode for reception timing alignment
With a fixed IAB deployment, the propagation delay between the parent node and IAB node are also fixed. Since the symbol duration will not change, the offset between TA of Case 1 timing and UL Tx timing of Case 7 timing should is also static. Thus this offset does not require a dynamic indication. Besides, the timing is usually maintained by MAC layer and parent node (DU) cannot generate RRC signaling for Case 7 timing offset. Hence, MAC-CE is preferred to signal the offset.
Proposal 2: The Case 7 timing offset is indicated from parent node to IAB node via MAC-CE.
On indication of timing modes
Regarding the indication of Case 6 timing, it was agreed that Case 6 timing is performed at the IAB-node at least for specific time resources. For any multiplexing cases, including TDM, it will be coupled with a certain set of time resources. However, this does not mean that Case 6 timing has to be bound to specific time resources. For example, for a specific time resources, SDM may be enabled as indicated by parent node as needed (but not on all the time resources), e.g. when the data arrive or buffer size becomes large SDM may be enabled by the parent node. Thus, to always semi-static configure the enhanced multiplexing with enable a timing mode will limit the implementation flexibility of an IAB network. 
For simultaneous transmission, there may be a set of conditions for simultaneous transmission which does not require Case 6 timing. For example, when IAB MT and IAB DU have a very good spatial isolation, the timing alignment may not be necessary. Based on the analysis above, timing modes including Case 6 and Case 7 may be or may not be included in the set of parameters/conditions for a certain multiplexing case, i.e. MT-TX/DU-TX or MT-RX/DU-RX. One possible solution is to indicate Case 6 timing together with other parameters for a given multiplexing case.
Observation 1: Even for the same multiplexing case, i.e. MT-TX/DU-TX or MT-RX/DU-RX, more than one of parameter/condition sets can be configured. 
Proposal 3: Case 6 timing is explicitly indicated by parent node together with other parameters/conditions for a given multiplexing case.
Power control enhancements
In RAN1 #106-e, the following agreements for IAB enhancement on power control was achieved:
	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.


UL power control 
In existing NR power control mechanism, many parameters impact the UL transmission power. For system operating in FR2, different transmitting beams lead to different beam energy patterns in the spatial domain. In other words, the impact due to transmission power from IAB MT to DU is varying depends on the beams which MT utilized. For the case that two beams utilized by MT and DU which have good spatial isolation, the limitation on PSD range will be more loss than the case that two beams have higher spatial relation. Furthermore, the operation modes of an IAB also related to the PSD range of MT. For example, even with the same MT transmission beam, SDM and FDM lead to different PSD range requirement. 
[image: ]
Figure 2: An example of PSD range requirements for different multiplexing configurations
Observation 2: Different multiplexing configurations, e.g. spatial parameters, operation mode, for simultaneously operation between MT and DU lead to different PSD range requirement.
One solution is always to use the strictest PSD range requirement for all cases. However, this obviously has negative impact on backhaul link between IAB MT and parent node DU. Due the lack of isolation between MT and DU under specific transmission parameters, the PSD may be limit to a very small range. But that is not the case for all time, i.e. sometimes the SNR for this link is not optimal due to the limitation of PSD range. Hence, in order to guarantee performance of simultaneously TX, desired IAB-MT PSD range should be provided per multiplexing parameters/conditions.
Proposal 4:  The desired IAB-MT PSD range is provided per multiplexing parameters/conditions, e.g. UL beam, FDM or not, .etc. 
DL power control
On the DL power control, it was agreed that:
	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.



In last meeting, it was agreed that an IAB-node MT to provide its desired DL TX power adjustment to its parent-node to assist with the parent-node’s DL TX power allocation. If the suggested value of DL TX power is adopted by the parent node, then there are two different DL TX power of parent node’s signals. In legacy design, there is an IE called “powerControlOffset” configured by RRC, which provides the assumed ratio of PDSCH EPRE to NZP CSI-RS EPRE when UE derives the CSI feedback. Since for enhanced multiplexing, parent node DU may use a different (e.g. lower) TX power to transmit PDSCH compare to the TDM mode, the UE needs to derive CSI feedback based on adjusted TX power. Then an accurate CSI feedback can be adopted by parent node DU to determine the scheduling for specific time resources. Thus, an additional power offset needs to be provided to IAB MT for CSI calculation. 
[image: ]
Figure 3: Different DL TX power for TDM/SDM for CSI derivation
Proposal 5: An additional power offset is provided to IAB MT to derive CSI feedback.

Conclusions
In this paper, we observe and propose:
Observation 1: Even for the same multiplexing case, i.e. MT-TX/DU-TX or MT-RX/DU-RX, more than one of parameter/condition sets can be configured. 
Observation 2: Different multiplexing configurations, e.g. spatial parameters, operation mode, for simultaneously operation between MT and DU lead to different PSD range requirement.

Proposal 1: For the offset of Case 7 timing, the granularity of TA can be used, and the range can be derived based on the propagation delay between two nodes and the symbol duration.
Proposal 2: The Case 7 timing offset is indicated from parent node to IAB node via MAC-CE.
Proposal 3: Case 6 timing is explicitly indicated by parent node together with other parameters/conditions for a given multiplexing case.
Proposal 4:  The desired IAB-MT PSD range is provided per multiplexing parameters/conditions, e.g. UL beam, FDM or not, .etc. 
Proposal 5: An additional power offset is provided to IAB MT to derive CSI feedback.
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