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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
New WID on Enhancements to Integrated Access and Backhaul has been approved as following [1].
	Duplexing enhancements [RAN1-led, RAN2, RAN3, RAN4]:
· 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 this contribution, we provide our view on IAB-node timing mode(s), power control and interference management to support simultaneous transmission and/or reception by child and parent links.
2. Discussion
2.1. Timing mode
In the previous RAN1 e-meetings, the following were agreed regarding Case 6/7 timing mode.
	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
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”


In Rel-16, it was specified a mechanism to fulfill Case 1 timing, where the timing of DU DL is derived from TA and T_delta. TA is the parameter defined for MT UL timing advance adjustment, and T_delta is signaled for adjustment of DU DL timing. In our opinion, the derivation of DU DL timing of Case 6 and Case 7 timing mode can reuse the Rel-16 OTA synchronization mechanism, assuming that the legacy TA and T_delta would always be signaled to IAB node even when Case 6 or Case 7 timing mode is enabled (i.e., according to TA+T_delta).
[bookmark: _Ref61859829]Proposal 1: The derivation of DU DL TX timing of Case 6 and Case 7 timing mode is based on Rel-16 OTA synchronization mechanism.
In Case 7 timing mode, it has been agreed that the IAB-MT Tx timing of the node is obtained via the legacy TA loop plus an offset from the parent node, and the granularity of Case 7 timing offset is the same as UL TA granularity. The remaining issue is the range of the timing offset. The TA for the child node is legacy TA+ offset, which should be equal or larger than zero, and can be smaller than one symbol considering symbol level alignment. As illurated in Figure 1, the legacy TA is defined as the double of the propagation delay (i.e., 2*Tp2) between the IAB node and the child IAB node and Tp1 represent the propagation delay between the parent node and the IAB node, then, 

Then ,the range of the offset is:

It is noted that, when the legacy TA is equal to the Tp1, it derives the minimum value of offset is 0. Besides, when legacy TA is 0, and the Tp1 is equal to the maximum value of the propagation delay, the maximum value of the offset can be determined. 
[image: ]

Figure 1 One example of Case 7 timing
Based on the above discussion, we have the following proposal:
Proposal 2: For Case 7 timing mode, the range of the offset can be derived based on the maximum value of the UL TA and the length of one symbol. 
Moreover, to avoid the impact of the access UEs, the new timing advance adjustment should only be applied to the child IAB node. 
Proposal 3: The enhanced UL timing adjustment should not be applied to access UEs. 
2.2. [bookmark: _Ref47689107]DL power control 
	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 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)



In RAN1#105e e-meeting, it has been agreed that IAB MT reports desired power adjustment to assist DL power control of parent node. To support this feature, the following procedure can be assumed:
Step 1) IAB MT performs associated measurement;
Step 2) IAB MT decides the power adjustment based on the measurement;
Step 3) IAB MT reports the power adjustment command;
Step 4) Parent DU adjusts the DL transmission power based on a reference power and the power adjustment. 
Regarding the measurement, since the measurement is link level measurement for a connected MT, RSRP measurement can be assumed to achieve high measurement accuracy. Regarding parent node to decide the DL transmission power, a reference power is used, the reference power should be the Tx power of the RS on which IAB MT performs the associated measurement, thus parent node and child should have a common understanding of the resource and RS used for the associated measurement. Based on the analysis, the procedure to report the desired power adjustment is analogous to the procedure of CSI feedback, e.g., CSI-RS resource and CSI report resource is configured for IAB MT, and IAB MT performs associated RSRP measurement on the CSI-RS resource; after determination of power adjustment based on the CSI-RS RSRP measurement, IAB MT uses the CSI report resource to report the desired power adjustment.
Proposal 4: For DL power control, IAB MT determines the desired power adjustment based on CSI-RS RSRP measurement.
Proposal 5: The CSI reporting framework is used for power adjustment reporting, e.g., the linkage is assumed for the reporting resource and the measurement resource. 
In RAN1#106e e-meeting, it was agreed that the reported desired DL TX power adjustment is applied for specific time resources and is associated with spatial configuration. In the following, these two aspects will be discussed.
For the applicable time resource of the enhanced DL power control mechanism, the occasions of some simultaneous operation cases can be considered. In case of simultaneous MT Rx/DU Rx within the IAB node, the enhanced DL power control procedure can be used to balance reception PSD of DU and that of MT; In case of simultaneous MT Rx and DU Tx, the DL power control can be used to cope with the self-interference from DU to MT. Thus, the desired power adjustment should be applied for the case of simultaneous MT Rx/DU Rx, or for the case of simultaneous MT Rx/DU Tx.
Moreover, it is noted that the dynamic power adjustment command is used to cope with dynamic changing of channel conditions. Since the channel condition varies per beam, the power adjustment command needs to be reported per DL beam. For simplicity of the per beam power adjustment command indication, it is straightforward to indicate the power adjustment command along with the associated TCI.
Proposal 6: The desired power adjustment is reported per the following multiplexing case, i.e., simultaneous MT Rx/DU Rx or simultaneous MT Rx/DU Tx.
Proposal 7: The desired power adjustment is reported per TCI.
2.3. UL power control 
	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.


Regarding the UL power control, it has been agreed that The PSD dynamic range for MT UL transmission is reported from child node to parent node. The motivation to enhance the UL power control procedure is balancing PSD of IAB DU and that of IAB MT in case of simultaneous DU TX and MT TX. Thus, the reported PSD dynamic range is applied only for the occasions of simultaneous DU TX and MT TX at child node.
Proposal 8: The dynamic PSD range for MT UL transmission is reported per the following multiplexing case, i.e., simultaneous MT Tx/DU Tx or simultaneous MT Tx/DU Rx.
Moreover, at the RAN1#105e e-meeting, it was agreed to further study whether the MT’s UL TX power control formula needs to be changed or not. In the legacy UL power control procedure, the UE transmission power is determined based on power control formula with an upper bound restricted by Pcmax. However, in case of simultaneous transmission of IAB DU and IAB MT, the PSD range of IAB MT is restricted by a pre-determined DU PSD, then at least the maximum transmission power of IAB MT is determined by the PSD range and scheduled bandwidth. 
Proposal 9: The maximum UL TX power of IAB MT is determined based on PSD dynamic range of IAB MT.
Furthermore, RAN1 should also clarify the quantization of the reported PSD range in RAN1 specification. Since the PSD is quantized based on EPRE for DU DL transmission power indication, it is straightforward to quantize the reported PSD dynamic range by using EPRE.
Proposal 10: Quantization of the reported PSD range should be clarified in RAN1 specification, e.g., EPRE range is used to reflect the PSD range.
3. Conclusion
This contribution focus on IAB-node timing mode(s) and power control to support simultaneous transmission and/or reception by child and parent links and the following are proposed.
Proposal 1: The derivation of DU DL TX timing of Case 6 and Case 7 timing mode is based on Rel-16 OTA synchronization mechanism.
Proposal 2: For Case 7 timing mode, the range of the offset can be derived based on the maximum value of the UL TA and the length of one symbol. 
Proposal 3: The enhanced UL timing adjustment should not be applied to access UEs. 
Proposal 4: For DL power control, IAB MT determines the desired power adjustment based on CSI-RS RSRP measurement.
Proposal 5: The CSI reporting framework is used for power adjustment reporting, e.g., the linkage is assumed for the reporting resource and the measurement resource. 
Proposal 6: The desired power adjustment is reported per the following multiplexing case, i.e., simultaneous MT Rx/DU Rx or simultaneous MT Rx/DU Tx.
Proposal 7: The desired power adjustment is reported per TCI.
Proposal 8: The dynamic PSD range for MT UL transmission is reported per the following multiplexing case, i.e., simultaneous MT Tx/DU Tx or simultaneous MT Tx/DU Rx.
Proposal 9: The maximum UL TX power of IAB MT is determined based on PSD dynamic range of IAB MT.
Proposal 10: Quantization of the reported PSD range should be clarified in RAN1 specification, e.g., EPRE range is used to reflect the PSD range.
4. [bookmark: _Ref503565531][bookmark: _Ref493791948][bookmark: _Ref503565490][bookmark: _Ref510367705]Reference
1. [bookmark: _Ref18582213][bookmark: _GoBack]RP-193251, “New WID on Enhancements to Integrated Access and Backhaul”, RAN#86, Spain, December 2019.
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