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Introduction
In the last meeting, several agreements were made regarding on other enhancements for simultaneous operation of IAB-node’s child and parent links. [1] In this contribution, we discuss timing modes and power control.

Timing modes
In this section, we discuss about case 6 timing mode and case 7 timing mode for several remaining issues.

Case 6 timing mode
During RAN1#106b-e meeting, two alternatives whether enhance the OTA synchronization for case 6 timing mode or not was agreed. The difference between alternatives was originated from how to align Tx timing of IAB-MT when it operates in case 6 timing mode. Supporters who think enhancing the OTA synchronization is needed believes that the Tx timing of IAB-MT with case 6 timing mode is indicated by parent IAB node via TA mechanism. On the other hand, supporters who think enhancing the OTA synchronization is unnecessary believes that the Tx timing of IAB-MT with case 6 timing mode is aligned by DL Tx timing of IAB-DU itself, which is not indicated via TA mechanism. To resolve the issue, following agreements regarding case 6 timing mode should be considered.
	Agreement
An IAB-node can rely on an OTA timing synchronization mechanism to enable/maintain Case 6 timing mode
· FFS whether the Rel-16 OTA synchronization mechanism is sufficient or enhancements are required 
· If required, details of enhancements including the uplink timing(s) required to support different timing alignment cases
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)



According to agreements, it is clearly stated that the Tx timing of IAB-MT when case 6 timing mode is set by the DL Tx of IAB-DU, which is not depend on the TA mechanism, and it can rely on an OTA timing synchronization mechanism, which is different from the direct timing indication. Therefore it is unnecessary to enhance OTA synchronization, but only remained for FFS point. Furthermore it is our understanding that indication of strict simultaneous or no-TDM operation for IAB node by parent node is not decided yet, it is quite important to point out that fall back operation of IAB node from simultaneous or no-TDM operation to non-simultaneous or TDM operation, which is likely to be the case 1 timing mode. For instance, there would be cases that an IAB node that operates in simultaneous transmission with case 6 timing mode fall back to TDM operation, or more importantly, since the UL Tx timing from IAB-node with case 6 timing mode has IAB-node specific delay from parent node perspective, the parent node is likely to indicate IAB node to fall back from case 6 timing mode to other timing mode, e.g., case 1 timing mode. Considering above, enhancement to OTA synchronization for case 6 timing mode is unnecessary and IAB-MT set its Tx timing by aligning DL Tx timing of IAB-DU, as we agreed before.
Proposal 1: The OTA synchronization enhancement for case 6 timing is unnecessary.

Case 7 timing mode
When IAB operates simultaneous reception, in order to align uplink reception timing of IAB-DU, TA adjustment to child IAB-MT and on what time resource new TA is applied were discussed. However indication to allow IAB to apply simultaneous reception is not discussed yet. For example, followings should be discussed.
· How an IAB node is indicated to operate simultaneous reception through signals. (e.g., F1-AP, DCI, MAC-CE)
· On what resource IAB node is allowed to operate simultaneous reception.
It was agreed that IAB node is indicated when parent IAB node applies case 7 timing. One remained consideration point is, who decides to apply case 7 timing for IAB node. Two cases can be considered. The first one is, IAB node is configured when to apply case 7 by the network. The other case is, IAB node decides to apply case 7 timing. That is, IAB node itself decides whether and when to apply case 7 timing and reports the information to its parent. It needs to be clarified since the signalling procedure can be different between two cases. No matter how the case 7 timing mode is decided for the IAB node, the indication or report should be given at least for specific time resources.
Proposal 2: Discuss following alternatives to determine time resource to apply Case 7 timing at the IAB-node.
· Alt 1. An IAB-node is explicitly indicated by the parent node when Case 7 timing is performed at the IAB node.
· Alt 2. An IAB-node decides and reports to the parent node when Case 7 timing is performed at the IAB node.

The remaining issue regarding case 7 timing mode is the range of offset. There are two point of view; one is that since case 7 timing mode is agreed to be symbol level alignment without slot level alignment, the range of offset is sufficient to be 1 OFDM symbol without accounting for the propagation delay. The other one is that even for symbol level alignment, the propagation delay should be accounted for. In our understanding, since the parent IAB node will indicate the offset within the range, it does not violate the agreement that case 7 timing is supported by symbol level alignment without slot level alignment when the propagation delay is accounted for the range since it is only maximum value. Therefore, the range of offset can be from 1 OFDM symbol to propagation delay, and the detailed range should be discussed. But, it should be noted that even the propagation delay is included in the offset, the offset needs to be discussed is case 7 timing specific offset that is indicated via MAC-CE, which is different from N_TA,offset. According to the previous agreement, the case 7 timing is indicated by legacy TA loop plus an offset from the parent node. It is our understanding that the legacy TA loop includes N_TA,offset, which leads the legacy TA mechanism is not enhanced for the case 7 timing mode.
Proposal 3: The offset range for case 7 timing should be discussed.
· The propagation delay can only be accounted for case 7 specific offset, not N_TA,offset.

Considering the granularity of case 7 specific offset is same with legacy TA, bits to indicate the offset will be decided by the range of offset. Looking back to the legacy TA mechanism, it can be indicated by two different methods; through RAR UL grant and update by MAC-CE. The timing advance is , where . When it is indicated by RAR UL grant,  is , where , and when indicated by MAC-CE, i.e., update of TA,  is updated by  , where . Considering the update of TA via MAC-CE, the total range is +/- 1/4 OFDM symbol since it is 6 bit indication. Without loss of generality, case 7 specific offset can be indicated by 12 bit, which is equal to +/- 1/2 OFDM symbol when the range of it is agreed to be one OFDM symbol. It can be converted to propagation delay, which means distance between IAB node and parent node. The distance between IAB node derived by propagation delay of 12bit case 7 specific offset is depend on the SCS; 10 km for 15kHz SCS and it decreases to 600m for 240kHz considering only positive value of offset, 1/2 OFDM symbol duration. To this end, the offset range accounting for propagation delay varies according to deployment scenario, therefore the requirement of network operator is needed.
Proposal 4: To include propagation delay to case 7 specific offset, requirement of network operator is needed.

Power control
In this section, we discuss about the desired IAB-MT’s UL PSD range, the desired DL Tx power adjustment and new triggering conditions to send an updated PHR.

The desired IAB-MT’s UL PSD range
During the RAN1#106b-e, it was agreed that the indication of desired IAB-MT’s UL PSD range can be associated with various configurations. It needs to be discussed that what specific configurations can be associated with desired UL PSD range among those. Before making a decision, we should not forget the motivation of desired UL power indication, that is, simultaneous operation of IAB-MT transmission. Considering that, the desired IAB-MT’s UL PSD range should be at least associated with simultaneous operation of IAB-MT transmission. However so far, the explicit or implicit indication or determination method for multiplexing mode or even it is TDM mode or not is not decided yet. It is our understanding that all of configurations that potentially can be associated to indication of desired IAB-MT’s UL PSD range are listed due to it. Therefore it needs to be discussed that only for simultaneous operation of IAB especially when IAB-MT transmission is associated with the indication of desired IAB-MT’s UL PSD range. With that perspective, association between desired IAB-MT’s UL PSD range and MT UL beam indication is not desirable since it can be duplication of recommended beam indication from IAB-MT to parent node. 
Proposal 5: Discuss how the indication of desired IAB-MT’s UL PSD range to be associated with multiplexing mode of MT-Tx.

The desired DL TX power adjustment
The motivation of downlink power control was that when an IAB node operates simultaneous reception, the received power difference between two links lead performance degradation due to the dynamic range of IAB itself. Since it is the use case of downlink power control with assistance information, that enhanced downlink power control should be limited to case when IAB node operates simultaneous operation with MT reception, that is, IAB-MT can request desired downlink power on the specific resource that IAB-MT was indicated to operate simultaneous operation with MT reception.
Considering the association with MT’s DL beam, it can be based on TCI state ID. It is notable that the source RS of TCI state can be either SSB or another periodic CSI-RS. Since the desired DL Tx power adjustment is MT-specific power control request, the downlink power should not be controlled within the TCI state ID not only for SSB but also for all the other cell-specific signal/channel (e.g., Coreset#0).
The details of how the IAB can request a DL Tx power adjustment should be discussed. First, it should be discussed whether the request for power control is possible for all MTs' DL beams or only for a specific set of DL beams. There can be a set of beams where the parent cannot adjust DL Tx power, and it is redundant and inefficient in terms of signalling if the IAB continuously requests for this. It is also not desirable for IAB node that the Tx power of DL beams is expected to be adjusted but actually cannot be. Therefore, it would be appropriate for the parent IAB node to provide the IAB a candidates of DL beams which is capable of DL Tx power adjustment. Without loss of generality, there would be an operable range of power control, however request beyond the range should be avoided. Therefore, it is better for the parent to provide the candidates of the offsets that can be adjusted to IAB node and request of the IAB node should be based on it. For example, the parent IAB indicates the set of DL beams capable of power control based on TCI state ID or RS ID, and at the same time the parent IAB indicates sets the offset range, i.e., power headroom for adjustment, to the IAB node. Based on those, the IAB node request desired DL Tx power adjustment based on the indicated DL beam and offset range.
Proposal 6: The candidates of MT’s DL beam (e.g., TCI state ID or RS ID) and offset range is provided by parent IAB node to IAB node and IAB node requests desired DL Tx power adjustment based on them.

The association between desired power adjustment request and slot index is left for further study. The situation is same for desired IAB-MT’s UL PSD range, not only for desired power adjustment request. Moreover it is applied for both of request from IAB node and indication from parent IAB node for desired DL Tx power adjustment. For all above cases, association with slot index can be different interpretations. The desired UL/DL power adjustment/request can be only applied for indicated slot indices, or the desired UL/DL power adjustment/request can be applied starting from the indicated slot indices, or the desired UL/DL power adjustment/request can be applied for indicated slot indices periodically. Therefore it needs to be clarified if the slot index is associated. It is our understanding that in case the desired UL/DL power adjustment/request is only applied for indicated slot indices, DCI should be used for those indication and/or request. On the other hand, in case the desired UL/DL power adjustment/request is applied starting from the indicated slot indices, MAC-CE can be used for those indication and/or request.
Proposal 7: It needs to be clarified if the request/indication of desired DL Tx power adjustment is associated with slot index.

The desired power adjustment request should be considered from each point of view, those are from IAB node’s point of view and from the parent IAB node’s point of view. From IAB node point’s point of view, IAB node should request desired downlink power adjustment on the resource only if it is possible for adjustment. If this limitation is absent, the IAB node could request desired downlink power adjustment even constantly on the resource that parent IAB cannot adjust, which is basically signalling for nothing. Further the IAB node might expect the downlink power to be adjusted even it cannot be. To prevent such disaster, an IAB node can request the transmit power of parent IAB-DU to be reduced only when the transmit power of parent IAB-DU is higher than certain value, or an IAB node can request the transmit power of parent IAB-DU to be boosted only when the transmit power of parent IAB-DU is lower than certain value. In short, an IAB node needs reference for downlink power request even the certain threshold value can be discussed later. The powerControlOffsetSS which is contained in NZP-CSI-RS-Resource is appropriate to be the reference point, so IAB node can request desired downlink power control based on it.
Proposal 8: An IAB node can or cannot request desired downlink transmit power adjustment according to the current transmit power of parent IAB node.

From parent IAB node’s point of view, the response regarding the desired downlink power adjustment from IAB node is needed. That is, parent IAB node should indicate IAB-MT when the parent IAB node received the desired power adjustment from IAB-MT. It is noted that the reception of desired downlink power adjustment does not mean the parent IAB node adjusted transmit power with exact requested amount, since the decision of adjustment and even the amount of it is up to parent IAB. However if the change of parent IAB node’s transmit power is not indicated to the IAB node, it could affect the estimation of pathloss since the IAB node have no idea if the transmit power of parent IAB node is boosted, reduced or even unchanged. That is, parent IAB node should indicate the change of transmit power of itself which is conventionally updated by RRC in NR. However the desired power control of an IAB node can be dynamically request or at least faster than RRC update since the request is based on the environmental change according to the simultaneous operation. Therefore enhancement regarding the downlink transmit power update is needed for the parent IAB node to dynamically indicate the IAB node. For that, MAC-CE and/or DCI can be candidate solutions for downlink transmit power update. The detailed method should be discussed.
Proposal 9: The downlink transmit power should be updated dynamically through MAC-CE and/or DCI.

The parent IAB node should indicate the reception of desired downlink power control request from an IAB node and update of changes in downlink transmit power. For each of these can be indicated separately or jointly. For separate indication, reception of desired downlink power control request can be indicated in a similar way to ACK and separately update of downlink transmit power can be indicated. Or it can be jointly indicated which will lead less spec impact. That is, the update of downlink transmit power can be interpreted as reception for desired downlink power request on the IAB side. In addition, to prevent constant request from IAB node, such indication (and reception of downlink power control request from IAB-MT) of parent IAB node can forbid the IAB-MT to request the desired downlink power control for certain time duration. (e.g., a specific number of slot or a subframe) The details of parent IAB node’s behaviour regarding the desired downlink power control request should be discussed.
Proposal 10: The parent IAB node indicates the reception of the desired downlink power adjustment request by updating the downlink transmit power, and this indication prevents the IAB node from requesting the desired downlink power adjustment for a specific time duration.

New triggering conditions to send an updated PHR
There are two different conditions for legacy to trigger PHR report; 1) path-loss change greater than certain threshold, 2) timer expiration. In case of applying a desired DL Tx power adjustment, it is our understanding that PHR report is triggered when the path-loss change due to DL Tx power adjustment is greater than the threshold, which is configurable value. More importantly, the PHR report is irrelevant to IAB-DU power since it is the difference between the maximum configured output power and scheduled transmission power of IAB-MT. Naturally it is our understanding that triggering updated PHR report due to the change of multiplexing mode and/or applying a desired DL Tx power adjustment is unnecessary. The updated PHR report can be triggered by those conditions if the updated PHR report contains information regarding transmission power state of IAB node which includes IAB-DU.
Proposal 11: Legacy triggering conditions to send a PHR is sufficient for simultaneous operation of IAB node.

Conclusion
In this contribution, we discuss on specifications of other enhancement for simultaneous operation of IAB. From the discussion, we obtained following proposals:
Proposal 1: The OTA synchronization enhancement for case 6 timing is unnecessary.
Proposal 2: Discuss following alternatives to determine time resource to apply Case 7 timing at the IAB-node.
· Alt 1. An IAB-node is explicitly indicated by the parent node when Case 7 timing is performed at the IAB node.
· Alt 2. An IAB-node decides and reports to the parent node when Case 7 timing is performed at the IAB node.
Proposal 3: The offset range for case 7 timing should be discussed.
· The propagation delay can only be accounted for case 7 specific offset, not N_TA,offset.
Proposal 4: To include propagation delay to case 7 specific offset, requirement of network operator is needed.
Proposal 5: Discuss how the indication of desired IAB-MT’s UL PSD range to be associated with multiplexing mode of MT-Tx.
Proposal 6: The candidates of MT’s DL beam (e.g., TCI state ID or RS ID) and offset range is provided by parent IAB node to IAB node and IAB node requests desired DL Tx power adjustment based on them.
Proposal 7: It needs to be clarified if the request/indication of desired DL Tx power adjustment is associated with slot index.
Proposal 8: An IAB node can or cannot request desired downlink transmit power adjustment according to the current transmit power of parent IAB node.
Proposal 9: The downlink transmit power should be updated dynamically through MAC-CE and/or DCI.
Proposal 10: The parent IAB node indicates the reception of the desired downlink power adjustment request by updating the downlink transmit power, and this indication prevents the IAB node from requesting the desired downlink power adjustment for a specific time duration.
Proposal 11: Legacy triggering conditions to send a PHR is sufficient for simultaneous operation of IAB node.
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Agreements in RAN1#106bis-e
	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”

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 8.1.2, 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 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 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 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.
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