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Introduction
In order to support simultaneous operation by IAB-node’s child and parent links, the enhancements such as IAB-node timing and DL/UL power control/sharing should be discussed. In this contribution, further views on these aspects are provided.
Enhancements for simultaneous operation
2.1 Timing cases for simultaneous operation
The following agreements have been made in RAN1#106bis-e on timing [1]:
	Agreement
Case 7 UL timing offset is indicated by the parent-node via MAC-CE.

Agreement
The granularity of Case 7 UL timing offset is the same as the UL TA granularity.

Agreement
RAN1 to downselect 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”



Whether to enhance on T_delta for case-6 timing
Based on the 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” in RAN1 #106-e, we have a common understanding that in Rel-17, the UL Tx timing of MT for case-6 timing is set to DL Tx timing of DU directly. By this way, there are no dedicated TAcase6 to determine the DL Tx time of DU.
As specification in Rel-16[2], to determine a DU transmission time, the IAB-node may assume that  is a time difference between a DU transmission of a signal from the serving cell and a reception of the signal by the IAB-node MT when . Without a dedicated TAcase6, how to determine a DU Tx time would be a brand new approach, and may cause much of work at this late stage.
To analyze impact of case-6 timing, the following options are discussed:
· Option 1: There is only case-6 timing but no case-1 timing in the system, assuming DL-Tx timing is obtained through case-6 timing.
· Option 2: There are case-1 timing and case-6 timing in the system, assuming DL-Tx timing is obtained through case-1 timing or case-6 timing.
· Option 3: There are case-1 timing and case-6 timing in the system, assuming DL-Tx timing is obtained through case-1 timing.
For option 1, since the UE cannot access to system, it has a fundamental problem. Therefore, option 1 should be excluded firstly.
For option 2, when case-1 timing is in operation, there is no problem in obtaining DL-Tx timing through the corresponding TAcase1 and Tdeltacase1. If DL Tx time were determined by case-6 timing, it should be assumed that there is a so-called Tdeltacase6, but there is no any dedicated/corresponding TAcase6 for case-6 timing, so OTA synchronization mechanism cannot be implemented. On the other hand, there is only TAcase1 loop at IAB-node side. If DL-Tx timing is obtained through TAcase1 and Tdeltacase6 at this time, an error result will be generated. Therefore, in this option, DL-Tx timing cannot be obtained correctly based on case-6 timing.
For option 3, DL-Tx timing can naturally be obtained through the corresponding TAcase1 and Tdeltacase1. And the time assignment of the configured slot for case-1 timing and case-6 timing is the implementation issue for parent node.
Based on the above analysis, we suggest that there is no enhancement of OTA synchronization mechanism including the range of Tdelta.
[bookmark: _Toc25991][bookmark: _Toc5115][bookmark: _Toc87036844]For case-6 timing , there are no dedicated TAcase6 to determine the DL Tx time of DU.
[bookmark: _Toc13305][bookmark: _Toc6450][bookmark: _Toc23782][bookmark: _Toc17014][bookmark: _Toc603][bookmark: _Toc28199][bookmark: _Toc32501][bookmark: _Toc11247][bookmark: _Toc21860][bookmark: _Toc87036833]For OTA synchronization for case-6 timing, no additional standardization is required, i.e., DL-Tx timing can be obtained through case-1 timing.
The range of offset to achieve IAB-MT Tx timing for case-7 timing
[bookmark: _Toc2741]In order to obtain IAB-MT Tx timing of case-7 timing, the detail on range of the offset will be discussed further. From the logical relationship of parameters, Toffset=-(TP+Tg), where, Toffset represents value of the offset, TP represents transmission propagation between parent node and IAB-node, Tg represents the time difference between UL-Rx timing and DL-Tx timing at the IAB-node side, and Tg=-2*Tdelta, then, Toffset=-(TP-2*Tdelta)=2*Tdelta-TP. From the formula, in order to meet the slot level alignment, we can see that the lower bound of range of Toffset depends on TP and Tdelta/Tg. The range of Tdelta has been determined by Rel-16, thus, the range of Toffset is [2*min(Tdelta) - max(TP),0]. Based on above analysis, besides the range of Tdelta, the Toffset range relies on allowed max(TP) in the system. Here, taking 1969152 Tc corresponding to maximum TAC value 3846 and SCS 15 kHz (about cell coverage of 300 km) as max(TP) as shown in Table 1, other SCS can be scaled. On the other hand, for simplicity, NTA,offset for FR1 can be unified into 39936 Tc, and NTA,offset for FR2 is 13792 Tc. As a result, based on the same granularity as that of TA , we can see that 12 bits to represent index of the offset is enough.
Table 1. Range of Toffset
	Frequency range
	SCS [kHz]
	Min Tdelta [Tc]
	Min Toffset [Tc]
= 2*min(Tdelta) - max(TP)
	Range of Toffset [Tc]

	FR1
	15
	-[image: ]/2 - 70528

	- 39936 - 2*70528 - 1969152
= - 2150144
	[- 2150144, 0]

	
	30
	-[image: ]/2 - 35328
	- 39936 - 2*35328 - 984576 = - 1095168
	[- 1095168, 0]

	
	60
	-[image: ]/2 - 17664
	- 39936 - 2*17664 - 492288 = - 567552
	[- 567552, 0]

	FR2
	60
	-[image: ]/2 - 17664
	- 13792 - 2*17664 - 492288 = - 541408
	[- 541408, 0]

	
	120
	-[image: ]/2 - 8816
	- 13792 - 2*8816 - 246144 = - 277568
	[- 277568, 0]


[bookmark: _Toc2150]To indicate Toffset by MAC-CE, the legacy Tdelta mechanism can be reused, .i.e. the index of offset is conveyed by MAC-CE. The signaling overhead of the offset can be calculated according to the range of the offset above, e.g., 12 bits, then, the mapping from index to value is completed in RAN1. For example, Toffset=Boffset+Ioffset*Goffset, where, Boffset represents benchmark of the offset, Ioffset represents index of the offset, Goffset represents granularity of the offset.
[bookmark: _Toc8099][bookmark: _Toc31936][bookmark: _Toc10489][bookmark: _Toc31428][bookmark: _Toc5777][bookmark: _Toc12456][bookmark: _Toc2578][bookmark: _Toc28635][bookmark: _Toc32158][bookmark: _Toc87036834]The range of Toffset can refer to [2*min(Tdelta) - max(TP),0], the values of range are shown in Table 1. For the index mapping of the offset, the legacy Tdelta mechanism can be reused.
Indication on case-7 timing at the IAB-node
Regarding “FFS whether an IAB-node is explicitly indicated by the parent node when Case 7 timing is performed at the IAB-node” in RAN1 #106-e, we think that timing mode is one of the preconditions for simultaneous operation, and it is also the accurate behavior of IAB-node. In other words, the switching between timing modes cannot be left to the IAB-node implementation, instead, it is better to let the parent node to control the timing mode switching at the IAB-node, and the specific switching event can be left to the parent node implementation. The timing mode needs to play a role in clarifying the IAB-node behavior. For example, a prerequisite for case-7 timing to operate is the received power balance on the IAB-node side. If the parent node indicates the usage of case-7 timing at the IAB-node, it also implies that the parent node would meet the desired downlink transmission power for case 7 timing. Another example, case-1 timing in Rel-16 is also forward compatible with simultaneous Tx or Rx in some soft symbols. In order to better manage the CLI problems caused by case-7 timing and distinguish the simultaneous Rx of case-1 timing or case-7 timing, the parent node needs to indicate the timing mode of IAB-node. On the other hand, the enhanced requirements of guard symbols MAC-CE have been agreed, when switching between different timing modes, it requires the parent node to dominate the operation of timing mode so that the timing mode can match the provided guard symbols. Otherwise, the parent node does not know what kind of guard symbols to use, especially if IAB-node itself decides when to operate in case-7 timing. As discussed above, case-7 timing cannot be left to IAB-node’s implementation, and the indication or switching of timing modes needs to be dominated by parent node.
[bookmark: _Toc13608][bookmark: _Toc24562][bookmark: _Toc18253][bookmark: _Toc3622][bookmark: _Toc21118][bookmark: _Toc8264][bookmark: _Toc19711][bookmark: _Toc22711][bookmark: _Toc3590][bookmark: _Toc19490][bookmark: _Toc79225782][bookmark: _Toc10907][bookmark: _Toc87036835]An IAB-node is indicated by the parent node when case-7 timing is performed at the IAB-node.
2.2 Power control/sharing for simultaneous operation
RAN1#106bis-e provided the following agreements on power control/sharing for simultaneous operation [1].
	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. 

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.

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).

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 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. 

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.



Great progress of DL power allocation and UL power control has been made in last meeting as shown in the above agreements, but there are still some FFS points to be solved, such as, the reference power for the indication of DL TX power adjustment, what information (e.g. multiplexing mode, MT’s DL beam etc.) the power control parameters (e.g. DL TX power adjustment, UL PSD range) should be associated with, whether to support new triggering conditions to send an updated PHR, etc.. In this section, our views on these aspects are provided.
DL power allocation of parent node DU

1) The reference DL TX power
It was agreed that desired parent-node’s DL TX power adjustment, as well as DL TX power adjustment which is provided by the parent-node to IAB-MT, are in terms of a relative offset to a reference DL TX power [1]. However, which signal transmission power is used as the reference power needs further study. It has been agreed that the indicated DL TX power adjustment is not applied to SSBs. In other words, the Tx power of SSB for a cell is generally fixed or can be changed semi-statically. Therefore, it is reasonable to take Tx power of SSB as a reference power for desired/provided DL Tx power adjustment.
[bookmark: _Toc32106][bookmark: _Toc6859][bookmark: _Toc8352][bookmark: _Toc149][bookmark: _Toc23106][bookmark: _Toc21893][bookmark: _Toc18814][bookmark: _Toc5798][bookmark: _Toc30795][bookmark: _Toc11327][bookmark: _Toc1634][bookmark: _Toc87036836]The transmission power of SSB can be used as the reference power for desired/provided DL TX power adjustment.

[bookmark: _GoBack]2) Which information should be associated with the desired/provided DL TX power adjustment
In our view, the desired/provided DL TX power adjustment shall be associated with MT CC, not with (MT CC, DU cell) pair. Assuming it is supported that the desired/provided DL TX power adjustment is associated with the (MT CC, DU cell) pair, when one MT CC corresponds to more than one {MT CC, DU cell} pairs at an IAB node and one desired/provided DL TX power adjustment parameter is indicated for each {MT CC, DU cell} pair, whilst the parent node does not know which cell of the IAB node DU or which {MT CC, DU cell} pair will actually operate on a specific time resource. In this case, parent node of the IAB node cannot indicate appropriate DL Tx power adjustment. 
[bookmark: _Toc229][bookmark: _Toc25360][bookmark: _Toc4484][bookmark: _Toc24837][bookmark: _Toc9766][bookmark: _Toc10529][bookmark: _Toc87036845]If the desired/provided DL TX power adjustment associates with (MT CC, DU cell) pair, the parent node cannot indicate appropriate DL Tx power adjustment when one MT CC corresponds to more than one {MT CC, DU cell} pairs at an IAB node and one desired/provided DL TX power adjustment parameter is indicated for each {MT CC, DU cell} pair. 
[bookmark: _Toc4097][bookmark: _Toc11715][bookmark: _Toc32092][bookmark: _Toc87036837]The desired/provided DL TX power adjustment should be associated with MT CC, not with (MT CC, DU cell) pair. 
Regarding the indication for provided DL Tx power adjustment, it is more flexible and simpler to be associated to time resource than a multiplexing mode. For example, the provided DL Tx power adjustment is associated with time resources, and provided DT Tx power adjustments for each time resource can be determined by a parent node based on its own requirement and receiving desired DL Tx power adjustment. In this way, provided DL Tx power adjustment can balance not only the simultaneous Rx powers at the IAB node, but also simultaneous Tx powers at its parent node. However, if provided DL Tx power adjustment is associated with multiplexing modes, the multiplexing modes of both the IAB node and its parent node may be considered in order to achieve same effect as associating to time resources, which will complicate the standard protocol and have no obvious benefits. The time resource associating with desired/provided DL Tx power adjustment can be indicated by a subset of slots in (pre-)configured periodicity.
Considering the similar advantages and a common design is encouraged for both provided DL Tx power adjustment and the desired DL TX power adjustment, the desired DL TX power adjustment should also be associated with time resources.
In addition, IAB-MT’s DL beams may be different on every time resource, therefore, the desired/provided DL Tx power adjustment should also be associated with IAB-MT’s DL beam.
[bookmark: _Toc13145][bookmark: _Toc14382][bookmark: _Toc10410][bookmark: _Toc1896][bookmark: _Toc3601][bookmark: _Toc3636][bookmark: _Toc23594][bookmark: _Toc4040][bookmark: _Toc24013][bookmark: _Toc18425][bookmark: _Toc1108][bookmark: _Toc87036838]The desired/provided DL TX power adjustment should at least support to be associated with a combination of IAB-MT CC, time resource and IAB-MT’s DL beam (e.g. SSB). 
[bookmark: _Toc22808][bookmark: _Toc10893][bookmark: _Toc23664][bookmark: _Toc87036839]Slot index should be confirmed for associating with desired/provided DL Tx power adjustment, and the time resource can be indicated by one or more slot indices with (pre-)configured periodicity(e.g. dl-UL-TransmissionPeriodicity). 

UL power control of an IAB node MT

1) Which information should be associated with desired IAB-MT’s UL PSD range
Similar as desired/provided DL TX power adjustment, the desired IAB-MT PSD range should be associated with MT CC, not with (MT CC, DU cell) pair.
[bookmark: _Toc20062][bookmark: _Toc27898][bookmark: _Toc5120][bookmark: _Toc87036846]If the desired IAB-MT PSD range associates with (MT CC, DU cell) pair, the parent node cannot indicate appropriate UL Tx power control parameter when one MT CC corresponds to more than one {MT CC, DU cell} pairs at an IAB node. 
[bookmark: _Toc18705][bookmark: _Toc29348][bookmark: _Toc26489][bookmark: _Toc7850][bookmark: _Toc18895][bookmark: _Toc87036840]The desired IAB-MT PSD range should be associated with IAB-MT CC, not with (MT CC, DU cell) pair. 
Considering the information associating to the desired IAB-MT PSD range indication, similar as desired/provided DL TX power adjustment, it can also be associated with IAB-MT CC, time resource and IAB-MT’s UL beam.
[bookmark: _Toc6355][bookmark: _Toc13513][bookmark: _Toc18234][bookmark: _Toc17067][bookmark: _Toc28842][bookmark: _Toc12098][bookmark: _Toc22933][bookmark: _Toc4789][bookmark: _Toc12352][bookmark: _Toc15006][bookmark: _Toc87036841]The desired IAB-MT PSD range should at least support to be associated with a combination of IAB-MT CC, time resource and IAB-MT’s UL beam (e.g. SRI).
[bookmark: _Toc32622][bookmark: _Toc24840][bookmark: _Toc8082][bookmark: _Toc87036842]Slot index should be confirmed for associating with desired IAB-MT PSD range, and the time resource associating can be indicated by one or more slot indices with (pre-)configured periodicity(e.g. dl-UL-TransmissionPeriodicity). 

2) Whether to support new triggering conditions to send an updated PHR
Another FFS point for UL TX power control is 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). According to 8.10.1 working assumption in RAN1#106bis-e [1], the multiplexing mode of an IAB node may change dynamically. An IAB node may have multiple child nodes. Therefore, if an updated PHR is triggered once change of the multiplexing mode or the applying a desired DL Tx power adjustment indication from a child node , a larger amount of overhead may be caused. In addition, an appropriate timer (e.g. phr-PeriodicTimer, phr-ProhibitTimer) can be configured to meet the PHR update requirements in Rel-17 multiplexing modes. Considering the limited remaining time, we do not recommend supporting new trigger conditions.
[bookmark: _Toc8168][bookmark: _Toc32764][bookmark: _Toc27684][bookmark: _Toc15924][bookmark: _Toc12621][bookmark: _Toc25023][bookmark: _Toc9104][bookmark: _Toc25621][bookmark: _Toc31523][bookmark: _Toc25198][bookmark: _Toc87036843]Not support new triggering conditions to send an updated PHR.
Conclusion
According to the discussion above, we provide the following observations and proposals:
Observation 1:	For case-6 timing , there are no dedicated TAcase6 to determine the DL Tx time of DU.
Observation 2:	If the desired/provided DL TX power adjustment associates with (MT CC, DU cell) pair, the parent node cannot indicate appropriate DL Tx power adjustment when one MT CC corresponds to more than one {MT CC, DU cell} pairs at an IAB node and one desired/provided DL TX power adjustment parameter is indicated for each {MT CC, DU cell} pair.
Observation 3:	If the desired IAB-MT PSD range associates with (MT CC, DU cell) pair, the parent node cannot indicate appropriate UL Tx power control parameter when one MT CC corresponds to more than one {MT CC, DU cell} pairs at an IAB node.

Proposal 1:	For OTA synchronization for case-6 timing, no additional standardization is required, i.e., DL-Tx timing can be obtained through case-1 timing.
Proposal 2:	The range of Toffset can refer to [2*min(Tdelta) - max(TP),0], the values of range are shown in Table 1. For the index mapping of the offset, the legacy Tdelta mechanism can be reused.
Proposal 3:	An IAB-node is indicated by the parent node when case-7 timing is performed at the IAB-node.
Proposal 4:	The transmission power of SSB can be used as the reference power for desired/provided DL TX power adjustment.
Proposal 5:	The desired/provided DL TX power adjustment should be associated with MT CC, not with (MT CC, DU cell) pair.
Proposal 6:	The desired/provided DL TX power adjustment should at least support to be associated with a combination of IAB-MT CC, time resource and IAB-MT’s DL beam (e.g. SSB).
Proposal 7:	Slot index should be confirmed for associating with desired/provided DL Tx power adjustment, and the time resource can be indicated by one or more slot indices with (pre-)configured periodicity(e.g. dl-UL-TransmissionPeriodicity).
Proposal 8:	The desired IAB-MT PSD range should be associated with IAB-MT CC, not with (MT CC, DU cell) pair.
Proposal 9:	The desired IAB-MT PSD range should at least support to be associated with a combination of IAB-MT CC, time resource and IAB-MT’s UL beam (e.g. SRI).
Proposal 10:	Slot index should be confirmed for associating with desired IAB-MT PSD range, and the time resource associating can be indicated by one or more slot indices with (pre-)configured periodicity(e.g. dl-UL-TransmissionPeriodicity).
Proposal 11:	Not support new triggering conditions to send an updated PHR.
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