3GPP TSG RAN WG1 #106-e			R1-2106829
e-Meeting, August 16th – 27th, 2021

Agenda item:		8.10.2
Source:	Nokia, Nokia Shanghai Bell
[bookmark: _Toc62378611][bookmark: _Toc66277703]Title:		Other enhancements for simultaneous operation of IAB-node’s child and parent links
Document for:		Discussion and Decision
1	Introduction
IAB Rel.17 WID [1] has following objectives led by RAN1:
Duplexing enhancements [RAN1-led, RAN2, RAN3, RAN4]:
· Specification of enhancements to the resource multiplexing between child and parent links of an IAB node, including:
· 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 RAN1 #102-e/103-e/104-e/ meetings [3-17], several agreements related to timing enhancements, CLI mitigation, and power control were made, and they are captured in Annex I. Further consideration on these topics is included in this contribution.
2	Timing Options
During the IAB study item, various timing options were analyzed aiming to align the MT/DU signals at symbol or slot level in order to enable SDM/FDM operation, [2]. Rel.16 Case #1 timing is applicable for IAB TDM operation but does not allow adjustment of the timings between MT and DU. Case #1 MT TX timing relies on legacy TA control loop and the DU TX timing can be synchronized with the parent node by T_delta information providing means to derive the propagation delay over the parent link. 
The main timing options supporting SDM/FDM operation while having synchronous DL (DU TX) timing were Cases #6 and #7. Case #6 aligns the TX of MT and DU parts whereas the Case#7 aligns the RX signals. RAN1 #102-e agreed to support both case #6 and #7 timing modes [6, 7], 
Agreement 
· Case 7 timing is supported in Rel-17 for IAB-nodes operating in multiplexing scenario Case 2 (simultaneous MT-Rx/DU-Rx) 
· Case 6 timing is supported in Rel-17 for IAB-nodes operating in multiplexing scenario Case 1 (simultaneous MT-Tx/DU-Tx) 
· RAN1 should strive to minimize specification impact due to this feature 
· FFS: Whether Case 7 timing is supported in Rel-17 for IAB-nodes operating in multiplexing scenario Case 4 (simultaneous MT-Tx/DU-Rx) 
 Additionally, in RAN #104-e the following agreement was made regarding switching between each timing mode:
Agreement
Switching between Case 1, Case 6, and Case 7 timing is supported.
· FFS whether Case 6 and Case 7 timing shall be restricted to certain resources, e.g. excluding resources used for access or TDM backhaul
· FFS details on switching including the switching conditions
· FFS relationship between switching timing modes with the usage/indication of different resource multiplexing modes
· FFS whether Rel-16 OTA synchronization shall be enhanced to support switching timing modes

As noted in [2], IAB-DU DL Tx timing is common in each of case #1, #6, and #7 timing modes. Case #6 timing specifically synchronizes IAB-MT UL Tx timing and IAB-DU DL Tx timing at the IAB node. Switching from case #1 UL timing (refer to the TA based IAB MT UL Tx timing) to case # 6 UL timing (refer to IAB MT UL timing which aligned with DL timing) would therefore require adjusting the IAB-MT UL Tx timing. Case #1 UL timing is usually configured via conventional TA, therefore needing some discussion on how the switching works from Case #6 UL timing (as it is identical to that of IAB-DU DL Tx timing). On the other hand, Case #7 timing synchronizes IAB-MT DL Rx timing with IAB-DU UL Rx timing and has no relation to switching DU/MT Tx timing. It is understood in general, the IAB node could maintain case #6 Tx timing when the Case #7 is applied in general. In summary, the discussion should be on switching between legacy UL timing vs case #6 UL timing at the IAB node. 
Observation 2.1: An IAB node DU DL Tx timing is the same in all the timing modes. The discussion on switching of timing modes is required only for the case where different UL Tx timing for IAB MT is applied, which can be generalized as switching between legacy UL Tx timing vs Case #6 UL timing. 
An IAB node may still require explicit signaling to indicate whether it should be operating in case #1 timing mode or case #6 timing mode. In Rel-16 case #1 timing mode is used explicitly, but no additional signaling is provided to support FDM/SDM operation. In TDM operation the IAB-MT and IAB-DU will not be scheduled to make transmissions simultaneously, however specification allows simultaneous transmission in soft resources if Tx on either the IAB-MT/IAB-DU is not impacted by Tx on the other. Since case #1 timing is the only timing mode supported in Rel-16, these transmissions would be made asynchronously. To avoid ambiguity the IAB node can be configured to explicitly use either case #1 or case #6 timing for SDM and FDM operation.
Proposal 2.1: An IAB node should be explicitly configured to use either case #1 or case #6 timing when operating in either SDM or FDM modes.
2.1	Case #6 Timing

The following agreements related to case #6 timing were made in RAN 105-e:

Agreement
RAN1 to downselect how the IAB-MT Tx timing is set for Case 6 timing at a given IAB-node:
· Alt1: the IAB-MT Tx timing is obtained by the node via the legacy TA loop plus an offset from the parent node.
· FFS details of the required offset.
· Alt2: the IAB-MT Tx timing is set by the node to the timing obtained for the node’s DL Tx.
· Alt3: the IAB-MT Tx timing is obtained by the node jointly with the IAB-DU Tx timing via a common offset from the parent node.

Downselection to consider at least the following aspects:
· Dependency of DL synchronization schemes at the IAB-DU
· Potential additional signaling overhead.
· Achievable DU Tx / MT Tx alignment error tolerance.
· Suitability for switching between timing modes.

Agreement
An IAB-node is indicated when Case 6 timing is performed at the IAB-node.
· FFS details of the indication (e.g. semi-static and/or dynamic, implicit and/or explicit, linkage to multiplexing capability, etc.).

FFS whether an IAB-node is also indicated when Case 7 timing is performed at the IAB-node.

For Case #6 timing, the relative timings of the TX and RX slots on the BH (single hop) and access link is depicted in Fig.1. The figure illustrates slot-level alignment.
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Figure 1: Slot timings with Case#6 timing

As the MT and DU TX signals should be aligned at the IAB node, and, because of synchronous network, also the MT UL TX shall be based on synchronized DL (DU TX) signal. This means that the UL TX timing is not based on the legacy TA control but on DL (DU) synchronization. The synchronization can be based e.g., on GNSS or based on OTA synchronization over the parent link. GNSS is agnostic to the multiplexing modes (TDM/FDM/SDM) but the Rel-16 OTA synchronization, relying on the TA control loop, does not work as such with Case #6 timing. 

Regarding signaling for case #6 timing, it is expected that case #6 timing will only be necessary for an IAB node performing case A multiplexing.  While performing case A multiplexing operators may not desire that IAB-MT UL transmission is made without the use of TA timing control.  Additionally, Rel-16 allows for case A multiplexing but does not support case #6 timing, and so the timing mode for an IAB node performing case A multiplexing must be configured/indicated. 

Observation 2.2:	Case #6 timing is only proper for an IAB node performing case A multiplexing, but it may also be desirable for an IAB node to perform case A multiplexing with case #1 timing mode.

Whether an IAB node uses case #1 timing or case #6 timing while performing case A multiplexing is not expected to change dynamically during typically network operations.  When enabled, the use of case #6 timing should also be unambiguous, since it is only appropriate to be used for case A multiplexing.
Propoal 2.2:	The use of case #6 timing is implicitly tied at the use of case A multiplexing, and can be configured via semi-static signaling.
Regarding maintenance of case #6 timing, it is understood that IAB-MT and IAB-DU timing will synchronize to a common reference.  Alt. 1 proposes to enhance the conventional TA timing loop control with an additional opposing offset to ensure that MT UL transmission is performed synchronously DU DL transmission.  Alt. 2 proposes that MT UL timing shall reference to IAB DU Tx time, without providing a details on how DU Tx timing is maintained.  Rel-16 allows that DU Tx timing may be maintained via out-of-band control (e.g. GNSS), but can rely on OTA signaling to maintain timing synchronization as well.  Similar to Alt. 1, this method as specified provides an opposing offset, T_delta, that is combined with legacy TA.  While use of GNSS to maintain case #6 timing is an efficient mechanism, when using an OTA mechanism we do not see a functional difference between Alt.1 and Alt.2.  Additionally, both Alt. 1 and Alt. 2 since both require two signals to maintain one single timing loop.  Alt. 3 provides an efficient OTA signaling mechanism for maintaining case #6 timing since IAB-MT and IAB-DU Tx timing may be maintained by a common offset relative to MT DL Rx timing.  Additionally, signaling of T_delta for maintenance of case #1 timing has already been specified in Rel-16 and so can be enhanced to support case #6 timing with minimal specification impact.



A summary comparing different alternatives is illustrated in Table 1. 

	
	Alt.1: the IAB-MT Tx timing is obtained by the node via the legacy TA loop plus an offset from the parent node.
	Alt.2: the IAB-MT Tx timing is set by the node to the timing obtained for the node’s DL Tx.
	Alt.3: the IAB-MT Tx timing is obtained by the node jointly with the IAB-DU Tx timing via a common offset from the parent node.

	Dependency of DL synchronization schemes at the IAB-DU
	Yes (If the offset is T_delta), this option depend on the signalling used to align IAB DU Tx timing. 
	Yes. The method on getting DU Tx  timing is not clear. If that uses T-delta, Alt.1 and Alt.2 are the same. 
	No. 

	Potential additional signaling overhead.
	Extra signalling on T_delta and TA. 
As two modes of UL timing (legacy based on TA and case #6) should be maintained at the IAB node, there may be frequent adjustments needed on UL timing. 
	Alt.2 is not fully clear as it does not talk about signalling. 
	No. 
This option does not need TA signalling.  

	Achievable DU Tx / MT Tx alignment error tolerance.
	DU Tx and MT Tx timing are not derived by a common source. 
As discussed in Rel-16, using TAs and T_deltas in different timing instances create errors on deriving DU Tx alignment. That issue will be much higher as different UL Tx timing is used by the IAB MT (as there can be confusions on TA adjustments). 
	Alt.2 timing derivation is not clear. 
	This is more robust to correct misalignements as this has a single source for timing adjustment. 
The common offset is the time difference of the DL Tx and UL Rx timing at the parent node (to correct potential misalignment of the DL Tx timing at the child node). 

	Suitability for switching between timing modes.
	Always needing switch of modes even to derive Case #6 timing. So, the switching is always needed. 
	Alt.2 timing derivation is not clear.
	Switching of modes is simpler and can be done as needed. 
UL timing for TDM mode (TA) is derived by the common offset (without TA loop). As the common offset is aligning UL/DL Tx timing at the IAB node, the difference coming from parent node always equal to the 2 times propagation delay.  





Proposal 2.3:	Support Alt. 3 by enhancing T_delta signal to support a common offset for both IAB-MT and IAB-DU Tx timing as OTA mechanism to support case #6 timing. 
· The common offset is the time difference of the DL Tx and UL Rx timing at the parent node (in order to correct potential misalignment of the DL Tx timing at the child node)
· Use the existing timing delta MAC-CE to indicate the time difference of the DL Tx and UL Rx timing at the parent node. 
	
2.2 Case #7 Timing
The following agreement was made in RAN #103-e:
Agreement
An IAB-node, when operating in Case 7 timing mode, can enable a child node to set its DL Tx timing based on Rel-16 OTA timing synchronization mechanism.
· FFS whether Rel-16 OTA synchronization mechanism enhancements are required 
· FFS details of enhancements, if required

Since Case #7 timing synchronizes Rx at the IAB node, consideration for case #7 timing must be placed on how an IAB node configures a UE or child IAB-MT for proper UL transmission timing. Additionally, the following agreement was made in RAN #104-e:
Agreement
Case 7 timing is supported with symbol level alignment without explicit support for slot level alignment.
This agreement implies that relaxed timing constraints for a child node operating in case #7 timing will not be required to transmit with a negative TA or dropping of last symbol(s) in UL slot. 

Another agreement in the same meeting was 
Agreement
Switching between Case 1, Case 6, and Case 7 timing is supported.
· FFS whether Case 6 and Case 7 timing shall be restricted to certain resources, e.g. excluding resources used for access or TDM backhaul
· FFS details on switching including the switching conditions
· FFS relationship between switching timing modes with the usage/indication of different resource multiplexing modes
· FFS whether Rel-16 OTA synchronization shall be enhanced to support switching timing modes

In RAN1 #105, the discussion on switching between Case 1 and 7 timing continued leading to the following agreement: 
Agreement
RAN1 to downselect how the IAB-MT Tx timing is set at an IAB-node for Case 7 timing at the parent node:
· Alt1: the IAB-MT Tx timing of the node is obtained via the legacy TA loop plus an offset from the parent node.
· FFS details of the required offset
· Alt2: the IAB-MT Tx timing of the node is obtained via the legacy TA loop from the parent node.
· Alt3: the IAB-MT Tx timing of the node is obtained via a Case 7 specific TA loop from the parent node.

Downselection to consider at least the following aspects:
· Potential impact to OTA synchronization availability for DU Tx at the IAB-node.
· Potential additional signaling overhead.
· Suitability for switching between timing modes.

The main difference between the Alts is that in Alt2 there is only one DU rx timing common with both Case 1 (refer  to legacy UL tx) and 7 while Alt1 and Alt3 assume maintaining separate rx timings for Case 1 and 7. In Alt2, irrespective of the timing Case, DU UL rx symbol timing is adjusted equal to the MT DL rx timing. This is possible also with Case 1 because the parent has the freedom to choose the UL RX timing reference as far as TA stays positive and within its maximum range. Alt1 and Alt3 are essentially the same – only the methods of maintaining the separate Case 7 DU rx timing are different.
For Alt1 and Alt3 we have the separate timing advances for Case 1 and 7:


 is the signal propagation time between the IAB node and its parent node and  the signal propagation time between the IAB node and its child node. D is the IAB node DU RX timing offset telling how much earlier DU RX timing is set compared to DU TX timing.  represents an additional timing advance by N symbol lengths when not slot but only symbol level alignment is in use. 
In Alt3, separate TA control loops are maintained for  and .
For Alt1, we can write


For Alt2, the common timing advance in Case 1 and 7 is  

For the question on “Potential impact to OTA synchronization availability for DU Tx at the IAB-node“ we note that as Alt1 and Alt3 assume existence of the Rel-16 TA control loop, OTA synchronization is available with these Alts. without any modifictions of the Rel-16 specification. However, with Alt2, changes in  signaling seem necessary. With Case 7 timing we have

Comparing this to the equation for propagation delay equation in 14, 38.213

we see that the IAB node should signal to the child node

To optimize signaling, N and  could be in separate fields of the  MAC control element when that is extended for Case 7 timing.
For the question on “Potential additional signaling overhead“ we note that in Alt1 and Alt3 there is new signaling for maintaining two TAs while with Alt2  signaling needs to be modified.
For the question on “Suitability for switching between timing modes” we note that Alt2 is ideal in the sense that there is no child MT TX timing change when IAB node switches between TDM and SDM/FDM modes. This would simplify considerably the operation with Case 7 timing and justify possible spectral efficiency loss due to puncturing of a symbol also in TDM mode. We therefore propose:
Propoal 2.4:	Support Alt 2: the IAB-MT Tx timing of the node is obtained via the legacy TA loop from the parent node. After once configured for SDM/FDM operation with Case 7 timing, the Case 7 timing is used even during periods of temporal switching to TDM mode. 
3	Interference Management
The following agreement was made in RAN 105-e
Agreement
Rel-16 CLI coordination signalling (Intended TDD DL-UL Configuration) is extended to support IAB specific UFD patterns.
· FFS: Support the exchange of IAB-DU H/S/NA resource configuration information among neighbouring IAB-nodes/IAB-donors for CLI management purposes.
Rel-16 IAB supports parent node to receive child DU resource configurations (D/U/F and H/S/NA resources via F1-AP) and child node’s cell-specific channel/signals (SSB, RACH, CSI-RS, SR). However, a similar concern regarding DU-to-DU CLI may be noted if a DU is not informed of the H/S/NA resource configuration of its neighboring DUs.
Knowledge of the neighborring node resource configurations can help in preventing CLI scenarios or measuring possible CLI coming from other nodes. With a simple signalling enhancement, for example, if the IAB node is configured to be made aware of the semi-static DU resource configuration (D/U/F/H/S/NA) and cell-specific channels (CSI-RS/SRS) of its parent IAB node, the IAB node may use the received information in one or more steps below,   
· Trigger any aperiodic CSI-RS/SRS measurement to estimate the CLI at the victim child nodes.  
· Schedule transmissions in a more robust manner by adjusting MCS, the number of repetitions, etc., for a victim child node.   
· Schedule the transmission in different resources to avoid CLI for a victim node.  
Proposal 3.1: Within the IAB nodes connected to the same CU, an IAB node can be configured to be made aware of the semi-static DU resource configuration (D/U/F/H/S/NA) of its parent IAB node(s) and neighbouring nodes.  
4	Power Control
The following agreement regarding UL power control mechanisms was made in RAN #105-e:
[bookmark: _Hlk79146628]Agreement
Decide in RAN1#106-e whether to support an IAB-node indicating assistance information to help with its MT’s UL TX power control. The assistance information can be:
· FFS: Desired TX power
· FFS: Offset to a baseline PHR
· FFS: Desired dynamic range
FFS: whether this information is provided to the parent-node, the CU, or both.

RAN1 had the above discussion on “whether to support an IAB-node indicating assistance information to help with its MT’s UL TX power control” mainly considering the FDM operation. When the simultaneous Tx at IAB-MT and IAB-DU is assumed, MT’s and DU's power gap may create a performance impact to either IAB-MT or IAB-DU depending on which one has the lower Tx power. If the IAB-node MT has lower power due to UL power control mechanism outcome, it may not be allowed by the parent node to increase the UL Tx power to avoid excess imbalance of Tx powers. Then the only way to reduce the imbalance, allowed by the present specification, would be to lower the IAB DU Tx power but that would impact cell coverage when supporting FDM mode. To improve the situation, changes in the MT power control mechanism could be considered; however, as IAB-MTs are supposed to follow the power control mechanism defined for UEs, such changes might be difficult to specify because their impacts should be carefully considered. For SDM operation, the power imbalance should not be a big issue as transmissions are supposed to happen in overlapping frequency, and spatial separation of panels and beam management could be used to handle any issues.  
To solve the issue of Tx power imbalance, one option is that an IAB-node reports DU power setting/ratio (or any other metric) used by the IAB node when it is supporting FDM/SDM operation. The parent/CU could use such information when setting the IAB-MT power in UL via open-loop and closed-loop power control mechanisms. For example, if the FDM/SDM is in use, the parent may keep the TX power of the IAB-MT on a suitable level with the existing power control mechanisms.  
Proposal 4.1: For simultaneous Tx operation at the IAB node, the power control mechanism shall consider the following:  
· IAB-node may report via capability signaling the IAB-MT operating power range/limits when IAB node is supported with FDM or SDM mode. 
· Use the existing power control mechanism by the parent to minimize power imbalance instances (no spec impact) 

In the context of DL power control, the following agreement was made in RAN #104-e:
Agreement
Support an IAB-node indicating information to assist with the DL power control of its parent-node towards the IAB-node without mandating an expected behavior at the parent node.
· Note: At least the assistance information is for supporting the simultaneous operation within the IAB-node to avoid power imbalance
· FFS: type of assistance information (e.g., desired received power, power adjustment, preferred CSI-RS resource)
· FFS: whether this information is provided to the parent-node, the CU, or both.
· FFS: applicability of the assistance information (e.g. relation to beams or multiplexing modes)
· FFS: the channel carrying this assistance information

RAN1 #105-e further agreed, 
Agreement
The information to assist DL power allocation of the parent-node is indicated by the IAB-MT to the parent node DU in terms of desired power adjustment.
FFS applicability of assistance information, e.g. per multiplexing scenario, per resource, etc.
As RAN1 agreed on reporting desired power adjustment to assist DL power control, the remaining details shall be discussed on the following, 
· Reporting mechanism: As the assiting information is provided towards the parent, the reporting can be based on MAC-CE (e.g. similar to PHR reporting without triggering mechanism). Triggering mechanisms to report such assisting information may not be needed at the IAB-MT side as the parent does not need this information when it is not using DL power control. Also, this is inline with what was agreed by “Support an IAB-node indicating information to assist with the DL power control of its parent-node towards the IAB-node without mandating an expected behavior at the parent node”. 
· Applicability of assistance information: The information is provided to the parent only for informative purposes without mandating the parent actions. The desired power adjustments may be related to the beams scheduled for the IAB-MT. In some sense, if the reporting contain the associated beams and desired power adjustments, the reporting becomes very close to the enhancements planned in Rel-17 feMIMO on per beam PHR reporting. However, as PHRs are always triggered, an independent reporting framework should still fine for the IAB operations. 
Overall, even though RAN1 agreed to support such assisting information reporting, this power imbalance issue may not be a problem when the IAB node uses separate panels for IAB MT and DU and have narrow Rx beams for the reception. Also, we believe that to be the most practical use case when supporting FDM or SDM modes. If the same panel or wide Rx beams are used, the IAB node's power imbalance could create high interference to one of the receptions. Even in that scenario, we think that SDM simultaneous reception can be solved with the solutions RAN1 discuss under beam restriction reporting (agenda 8.10.1). For FDM mode, the Rx power imbalance issue could be handled still by the same framework of beam reporting. Therefore, if feasible, we suggest discussing this topic within resource multiplexing sub-agenda to have an unified design for both SDM/FDM where applicability of beams can be indicated towards the parent, and this applicability can also include desired power adjustments. 
Proposal 4.2: For SDM and FDM Rx operation (DU Rx and MT Rx), support the use of MAC-CE for indicating desired power adjustments with the associated beams used for MT reception.  
· Note: the same enhancement is being discussed within resource multiplexing, and RAN1 should support unified design than defining different solutions. 

5	Conclusions
Our observations and proposals on timing options are:
Observation 2.1: An IAB node DU DL Tx timing is the same in all the timing modes. The discussion on switching of timing modes is required only for the case where different UL Tx timing for IAB MT is applied, which can be generalized as switching between legacy UL Tx timing vs Case #6 UL timing. 
Proposal 2.1: An IAB node should be explicitly configured to use either case #1 or case #6 timing when operating in either SDM or FDM modes.
Observation 2.2:	Case #6 timing is only proper for an IAB node performing case A multiplexing, but it may also be desirable for an IAB node to perform case A multiplexing with case #1 timing mode.

Propoal 2.2:	The use of case #6 timing is implicitly tied at the use of case A multiplexing, and can be configured via semi-static signaling.
Proposal 2.3:	Support Alt. 3 by enhancing T_delta signal to support a common offset for both IAB-MT and IAB-DU Tx timing as OTA mechanism to support case #6 timing. 
· The common offset is the time difference of the DL Tx and UL Rx timing at the parent node (in order to correct potential misalignment of the DL Tx timing at the child node)
· Use the existing timing delta MAC-CE to indicate the time difference of the DL Tx and UL Rx timing at the parent node. 

Propoal 2.4:	Support Alt 2: the IAB-MT Tx timing of the node is obtained via the legacy TA loop from the parent node. After once configured for SDM/FDM operation with Case 7 timing, the Case 7 timing is used even during periods of temporal switching to TDM mode. 
Our proposal on CLI mitigation is:

Proposal 3.1: Within the IAB nodes connected to the same CU, an IAB node can be configured to be made aware of the semi-static DU resource configuration (D/U/F/H/S/NA) of its parent IAB node(s) and neighbouring nodes.  
Our proposals on power control enhancements are:

Proposal 4.1: For simultaneous Tx operation at the IAB node, the power control mechanism shall consider the following:  
· IAB-node may report via capability signaling the IAB-MT operating power range/limits when IAB node is supported with FDM or SDM mode. 
· Use the existing power control mechanism by the parent to minimize power imbalance instances (no spec impact) 
Proposal 4.2: For SDM and FDM Rx operation (DU Rx and MT Rx), support the use of MAC-CE for indicating desired power adjustments with the associated beams used for MT reception.  
· Note: the same enhancement is being discussed within resource multiplexing, and RAN1 should support unified design than defining different solutions. 
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Annex I 
RAN 105-e
Agreement
Rel-16 CLI coordination signalling (Intended TDD DL-UL Configuration) is extended to support IAB specific UFD patterns.
· FFS: Support the exchange of IAB-DU H/S/NA resource configuration information among neighbouring IAB-nodes/IAB-donors for CLI management purposes.

Agreement
Decide in RAN1#106-e whether to support an IAB-node indicating assistance information to help with its MT’s UL TX power control. The assistance information can be:
· FFS: Desired TX power
· FFS: Offset to a baseline PHR
· FFS: Desired dynamic range
FFS: whether this information is provided to the parent-node, the CU, or both.
FFS: whether the MT’s UL TX power control formula needs to be changed 

Agreement
The information to assist DL power allocation of the parent-node is indicated by the IAB-MT to the parent node DU in terms of desired power adjustment.
· FFS applicability of assistance information, e.g. per multiplexing scenario, per resource, etc.

Agreement
RAN1 to downselect how the IAB-MT Tx timing is set for Case 6 timing at a given IAB-node:
· Alt1: the IAB-MT Tx timing is obtained by the node via the legacy TA loop plus an offset from the parent node.
· FFS details of the required offset.
· Alt2: the IAB-MT Tx timing is set by the node to the timing obtained for the node’s DL Tx.
· Alt3: the IAB-MT Tx timing is obtained by the node jointly with the IAB-DU Tx timing via a common offset from the parent node.
Downselection to consider at least the following aspects:
· Dependency of DL synchronization schemes at the IAB-DU
· Potential additional signaling overhead.
· Achievable DU Tx / MT Tx alignment error tolerance.
· Suitability for switching between timing modes.

Agreement
RAN1 to downselect how the IAB-MT Tx timing is set at an IAB-node for Case 7 timing at the parent node:
· Alt1: the IAB-MT Tx timing of the node is obtained via the legacy TA loop plus an offset from the parent node.
· FFS details of the required offset
· Alt2: the IAB-MT Tx timing of the node is obtained via the legacy TA loop from the parent node.
· Alt3: the IAB-MT Tx timing of the node is obtained via a Case 7 specific TA loop from the parent node.
Downselection to consider at least the following aspects:
· Potential impact to OTA synchronization availability for DU Tx at the IAB-node.
· Potential additional signaling overhead.
· Suitability for switching between timing modes.

Agreement
An IAB-node is indicated when Case 6 timing is performed at the IAB-node.
· FFS details of the indication (e.g. semi-static and/or dynamic, implicit and/or explicit, linkage to multiplexing capability, etc.).
FFS whether an IAB-node is also indicated when Case 7 timing is performed at the IAB-node.
RAN 104-e
Agreement
Case 7 timing is supported with symbol level alignment without explicit support for slot level alignment.

Agreement
Switching between Case 1, Case 6, and Case 7 timing is supported.
· FFS whether Case 6 and Case 7 timing shall be restricted to certain resources, e.g., excluding resources used for access or TDM backhaul.
· FFS details on switching including the switching conditions.
· FFS relationship between switching timing modes with the usage/indication of different resource multiplexing modes.
· FFS whether Rel-16 OTA synchronization shall be enhanced to support switching timing modes.

Agreement
RAN1 to further study whether the legacy UL power control mechanism (including PHR) is sufficient for an IAB-node operating in an enhanced multiplexing mode.
· FFS: if not (i.e., the legacy mechanism is not sufficient), support an IAB-node indicating information to assist with its UL power control.

Agreement
Support an IAB-node indicating information to assist with the DL power control of its parent-node towards the IAB-node without mandating an expected behavior at the parent node.
· Note: At least the assistance information is for supporting the simultaneous operation within the IAB-node to avoid power imbalance
· FFS: type of assistance information (e.g., desired received power, power adjustment, preferred CSI-RS resource)
· FFS: whether this information is provided to the parent-node, the CU, or both.
· FFS: applicability of the assistance information (e.g., relation to beams or multiplexing modes)
· FFS: the channel carrying this assistance information

Conclusion
In Rel-17, RAN1 will not specify specific mechanisms for intra-IAB-node interference (self-interference) management. 
· Self-interference can be handled by the implementation or via using the available techniques defined, or to be defined in Rel-17, that can commonly be used for other interference scenarios as well. 

Agreement
RAN1 to select among the following options to support DU-to-DU measurement and report.
· For DU-to-DU CLI measurement:
· Option 1.1. no specific mechanism is specified (e.g., it is handled by the implementation, or the available techniques)
· Option 1.2. enhanced legacy DU-based measurement procedures (e.g., enhanced Rel-16 RIM)
· Option 1.3. enhanced MT-based measurements (e.g., MT-based CLI, MT RRM measurements)
· For DU-to-DU CLI report:
· Option 2.1. no specific mechanism is specified (e.g., it is handled by the implementation, or the available techniques)
· Option 2.2. enhanced legacy DU-based report (e.g., enhanced Rel-16 RIM)
· Option 2.3. enhanced MT-based report (e.g., MT-based CLI, MT RRM measurements)

Agreement
RAN1 to decide whether to enhance interference mitigation through information exchange to support beam-management at the parent or child node in RAN1#104bis-e
0. FFS: reporting of desired beams for reception in DL or desired beams for transmission in UL by the IAB node for a given multiplexing mode
0. FFS: indicating applicable beams in DL or beams in UL for a given multiplexing mode.

RAN 103-e
Agreement
Select one or both of the following modes of operation for Case 7 timing in RAN1#104-e:
· symbol level alignment without slot level alignment
· slot level alignment
Agreement
Case 6 timing mode operation at an IAB-node is controlled by the parent node to which the UL transmission is intended for.

Agreement
Use the Rel-16 interference management frameworks (e.g., CLI, RIM) to handle IAB interference scenarios, and discuss if any of the following enhancements are needed (not an exhaustive list):
· FFS: extend the information exchange (e.g., the resource configuration, result of CLI measurements, etc.) among different entities (e.g., between parent-child nodes, adjacent IAB nodes, between network and IAB-node, etc.)  
· FFS: required enhancements on CLI measurement accuracy (e.g., via timing adjustment, etc.)
· FFS: required enhancements on CLI measurements (e.g., introducing short-term measurements, multi-beam measurements, etc.)

Agreement
Further study requirement of enhanced DL and UL Tx power control mechanism considering the following: 
· DL/UL power control with assistance information from the child node.
· DL/UL power control with assistance information from the parent node.
· Central (e.g., by CU) power control coordination (e.g., semi-static max DL/UL Tx power limits).
· Coexistence of different power control mechanisms within an IAB node and in the network.
Note. Any power control mechanism should consider the following aspects:
· Existing base station design principles (e.g., power control and dynamic range capability, etc.) related to transmission power.
· Network constraints in regard to transmitted reference signals with constant power.

Agreement
Interference management for the following IAB interference scenarios should be discussed: 
· Inter-IAB scenarios, including: 
· MT to MT, DU to DU, DU to MT, and MT to DU.
· Interference to non-IAB nodes, including:
· IAB-DU to non-IAB-DU
· IAB-MT to non-IAB-DU
· Intra-IAB-node (self-interference) scenarios (Interference between a DU and MT of an IAB-node).
This agreement does not necessarily mean that specification support is needed for any of the scenarios.

Agreement
Consider resource and beam coordination techniques to mitigate/avoid interference, including (not an exhaustive list):
· FFS: whether or not to support IAB‐node (MT) transmissions in DL access slots 
· FFS: if this has RAN1 impact or it can be handled by implementation.
· FFS: network coordination impact
· FFS: whether Rel-16 resource management framework is sufficient.

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
An IAB-node, when operating in Case 7 timing mode, can enable a child node to set its DL Tx timing based on Rel-16 OTA timing synchronization mechanism.
· FFS whether Rel-16 OTA synchronization mechanism enhancements are required. 
· FFS details of enhancements, if required
[bookmark: _Hlk67931513]
RAN 102-e
Agreement
· Case 7 timing is supported in Rel-17 for IAB-nodes operating in multiplexing scenario Case 2 (simultaneous MT-Rx/DU-Rx)
· Case 6 timing is supported in Rel-17 for IAB-nodes operating in multiplexing scenario Case 1 (simultaneous MT-Tx/DU-Tx)
· RAN1 should strive to minimize specification impact due to this feature.
· FFS: Whether Case 7 timing is supported in Rel-17 for IAB-nodes operating in multiplexing scenario Case 4 (simultaneous MT-Tx/DU-Rx)
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