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In this contribution, we discuss the remaining issues on enhancements for simultaneous operation of MT and DU
[bookmark: _Ref129681832]Remaining issue on power control enhancements
UL power control
In RAN1#107-e, it was agreed that  “slot index” can be optionally indicated in the provided and desired DL TX power adjustment indication according to the following
	Agreement
Support optionally indicating “slot index” in the provided DL TX power adjustment indication, that comprises indicating a list of one or multiple slot indices for which the associated DL power adjustment is applied.
· Support of “slot index” indication in the desired DL TX power adjustment indication


However, there is no corresponding agreement for the desired UL PSD range indication. The desired UL PSD range is to enable simultaneously Tx at the IAB node. Even though whether to operate simultaneous Tx at a given time instance is a scheduling decision at the IAB node, it is critical for the IAB node to know “when” it can enable such operation. The reason is that the IAB MT UL transmission power is controlled by its parent node and the IAB node may need a different power control to operate simultaneous Tx. Therefore, the “slot index” is at least needed in the desired UL PSD range indication from parent node to the IAB node. It may be arguable whether “slot index” is useful in the desired UL PSD range indication since if included it is essentially an “intended scheduling decision” of the IAB node and does not enforce any decision at its parent node. However, given the agreement made for DL Tx power adjustment, “slot index” in the desired UL PSD range indication may also be useful in some cases. 
Proposal 1: Support optionally indicating “slot index” in the desired UL PSD range indication, that comprises indicating a list of one or multiple slot indices for which the associated UL power control is applied.
DL power control
In RAN1#107-e, the following were agreed on the DL power control:
	Agreement
The provided DL TX power adjustment is applied only to PDSCH and its associated DMRS and PTRS.
Agreement
The indicated desired/provided DL TX power adjustment is in terms of a relative offset to the PDSCH a CSI-RS TX power that is RRC configured.


Given that the DL TX power of parent node may be adjusted, the MCS for the DL transmissions may also be different, e.g. one for TDM mode and one for SDF/FDM mode. To determine the appropriate MCS due to the DL power adjustment, an additional CSI feedback is required which should be derived based on adjusted DL TX power. In Rel-15, there is an IE called “powerControlOffset” configured by RRC in CSI-RS resource configuration, which provides the assumed ratio of PDSCH EPRE to NZP CSI-RS EPRE when UE derives the CSI feedback. For simultaneous Rx, parent node DU may use a different (e.g. lower) TX power to transmit PDSCH compare to the TDM mode, the MT 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. With existing CSI feedback mechanism, the CSI will be derived based on the PDSCH EPRE to NZP CSI-RS EPRE configured by RRC. In another words, for a CSI-RS which used to indicate DL TX power adjustment, IAB MT will only report the CSI without considering the power adjustment, i.e. it is only apply to TDM mode.
Observation 1: According to current specification, IAB-MT derives CSI feedback only based on CSI-RS and its corresponding RRC configured PDSCH EPRE to NZP CSI-RS EPRE ratio, no matter whether the DL TX power adjustment is applied to PDSCH.
As the provided DL TX power adjustment is a relative offset to CSI-RS TX power, it can also be used to derive CSI feedback for potential enhanced multiplexing operation. Then the issue is how IAB MT to report the CSI derived with considering the provided DL TX power adjustment. And also, for a CSI feedback, and for both parent node DU and child node MT, how to differentiate the CSI, i.e. whether it for TDM or FDM/SDM. To enable the DL scheduling with FDM/SDM at child node, a CSI considering the DL TX power adjustment has to be sent by child node MT.
Proposal 2: With the indicated provided DL TX power adjustment, i.e. a relative offset to a CSI-RS TX power, IAB can derive and report CSI for FDM/SDM. 
Remaining conditions for multiplexing
Unified framework for multiplexing parameters/conditions reporting/indication
In Rel-17, multiple conditions/parameters were considered to better support simultaneous operation of MT and DU, including timing mode, beam, UL/DL power control and FDM. During the discussion, the conditions/parameters were discussed separately. Although the association among conditions/parameters were considered in last two meetings, the mechanism is still a bit fragmented. The following table provides a summary of agreed conditions/parameters on multiplexing signaling for timing/power control/beam. The “Yes” in the table means that the corresponding configuration/parameters can be included in the signaling for certain function/feature.
Table 1. Agreed association of conditions/parameters for multiplexing
	ChildParent

	Function/Feature
	FDM/SDM
	slot index
	MT CC/DU cell pair
	Multiplexing mode
	Beam info

	Recommended beam
	Yes
	Yes
	Yes
	Yes
	Yes

	Desired DL TX power adjustment
	Yes
	Yes
	Yes
	Yes
	Yes

	Desired UL PSD range
	Yes
	
	Yes
	Yes
	Yes

	Parent Child

	Function/Feature
	FDM/SDM 
	slot index
	MT CC/DU cell pair
	Multiplexing mode
	Beam info

	Timing case indication
	
	Yes
	
	
	

	Restricted beam indication
	Yes
	Yes
	Yes
	Yes
	Yes

	Provided DL TX power adjustment
	Yes
	Yes
	Yes
	Yes
	Yes


In the summary table of higher level parameters for Rel-17 NR, several MAC-CEs were listed for the function/feature above. To enable simultaneous operation, according to Table 1, multiple MAC-CEs may be required. For example, for an IAB node to operate with simultaneous transmission in a slot, several conditions may be needed. Then it may send the 1st MAC-CE for recommended beams, the 2nd MAC-CE for desired UL PSD and the 3rd MAC-CE to inform parent node that Case 6 timing is required. The first two MAC-CEs may both include the slot index, multiplexing mode, beam information and MT CC/DU cell pair. Upon receiving MAC-CEs from child node, the parent node may also send several MAC-CEs to provide configuration to the child node. It may send the 1st MAC-CE for timing case indication, the 2nd MAC-CE for restricted beam indication for child DU. Both MAC-CEs may include the slot index. 
Observation 2: With current design, multiple signaling may be required to enable enhanced multiplexing and redundant information may be included in signaling.
Although the functions/signaling were discussed independently, they may be jointly used to enable the simultaneous operation. It is preferred to have a unified signal design which can include timing case, power control, and beams information. Depends on the signaling direction, two types of signaling can be defined: one is used for child IAB node to report its desired parameters, another one is sent from parent node to child to indicate (may be interpreted as confirmation in some cases) the provided parameters/conditions. For each type of signaling, it can further be divided into two kinds for different contents, one is used for basic application resources or scenario including multiplexing mode, slot index, MT CC/DU cell pair, SDM/FDM and/or beams. Another one is used for configuring conditions, for example power control, recommended/restricted beams and timing case.
Table 2. Proposed unified multiplexing signaling 
	Direction: ChildParent

	Parameters/Conditions
	Multiplexing mode

	
	Slot index

	
	SDM/FDM

	
	MT CC/DU cell pair

	
	Desired UL PSD range

	
	Desired DL TX power adjustment

	
	Desired timing case

	
	Recommended beams

	Direction: ParentChild

	Parameters/Conditions
	Multiplexing mode

	
	Slot index

	
	SDM/FDM

	
	MT CC/DU cell pair

	
	Timing case indication

	
	Provided DL TX power adjustment

	
	Restricted beams


The unified signaling design includes essential parameters and possible conditions. The parameters include multiplexing mode, slot index, SDM/FDM and MT CC/DU cell pair. Conditions for signal from child to parent node include desired UL PSD range, desired DL TX power adjustment, desired timing case and recommended beams. Conditions for signal from parent to child node include DL TX power adjustment, timing case indication and restricted beams. 
On the one hand, a set of multiple conditions can be included in one signaling to indicate desired/provided combination of conditions for multiplexing. In this case, indicated multiple conditions are jointly applied or needs to be simultaneously satisfied. On the other hand, multiple sets of conditions can also be indicated from child node to parent node by such signaling design. The multiple sets of conditions can be applied to different resources (e.g. slot index). Or multiple sets of conditions can be applied to the same resources to be interpreting as the relationship as “or”. In this case, any one of set of conditions is acceptable for multiplexing.
Proposal 3: Support a unified signaling framework wherein a single signaling can include the combination of multiple conditions to be jointly indicated/provided. 
· Multiple sets of conditions shall also be supported, any one set of multiple sets can be chosen and provided by parent node.
Conclusions
In this paper, we observe and propose:
Observation 1: According to current specification, IAB-MT derives CSI feedback only based on CSI-RS and its corresponding RRC configured PDSCH EPRE to NZP CSI-RS EPRE ratio, no matter whether the DL TX power adjustment is applied to PDSCH.
Observation 2: With current design, multiple signaling may be required to enable enhanced multiplexing and redundant information may be included in signaling.
Proposal 1: Support optionally indicating “slot index” in the desired UL PSD range indication, that comprises indicating a list of one or multiple slot indices for which the associated UL power control is applied.
Proposal 2: With the indicated provided DL TX power adjustment, i.e. a relative offset to a CSI-RS TX power, IAB can derive and report CSI for FDM/SDM. 
Proposal 3: Support a unified signaling framework wherein a single signaling can include the combination of multiple conditions to be jointly indicated/provided. 
· Multiple sets of conditions shall also be supported, any one set of multiple sets can be chosen and provided by parent node.

