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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:
· [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.
This contribution discusses further details on timing modes, extension for DL/UL power control, and CLI and interference measurements related to the Rel.17 enhancements, primarily the support for SDM/FDM operation of the IAB-node. 
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 [3, 4], 
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)

The sections below analyze these options and required enhancements on each timing mode. 

[bookmark: _Hlk44492096]2.1	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 rather 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. 

If the OTA synchronization is a required feature with Case#6 timing, how the IAB-node shall derive the (estimate of) the propagation delay over the parent BH link, must be re-defined. This will also be the basis and prerequisite for the UL TX alignment.

Two solutions are identified in the SI stage, and we think that RAN1 can further work on these to finalize the discussion. 

Agreements:
Case#6, if supported:
To enable alignment of DL transmissions among IAB nodes:
· Alt. 1: The IAB node may need to carry out parallel (always time multiplexed) case #1 and case #6 uplink transmissions
· Alt 2: Signaling between the parent and IAB node of 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:
· The child IAB node compares the corresponding difference of its own DL Tx timing and BH Rx timing; if the signaled difference of the parent node is larger than measured at the child node, the child node advances its TX timing, if smaller the TX timing is delayed. 
· Note: Alt 1 & Alt 2 may require maintenance of separate Rx timings at the parent node for Case 6 UL transmissions from different child nodes

RAN1 #103-e meeting agreed [5] on several aspects related to the Case#6 timing mode, 

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
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


On the “FFS whether the Rel-16 OTA synchronization mechanism is sufficient or enhancements are required”, the discussion also seems to be related to the alt.1 and alt.2 considered in the SI stage. Alt. 1 could work in case there is a sufficient number of samples for TA control using Case#1 timing. However, depending on the IAB operational mode, this may not always be the case. Alt.2 would complement the timing control providing a sound solution for all scenarios. Specification efforts for the Alt.2 signaling would be minimal as the required signaling could just replace the T_delta signaling (not needed for Case#6) used in Case#1 and #7 timing. It was mentioned during RAN1 #103-e discussions that even if MT would most of the time operate with Case#6 timing, Case#1 timing should anyway be available all the time and for this reason Alt. 1 would be preferred. However, it should be noted that if the propagation delay is obtained by Alt. 2, proper TA for Case#1 timing can be calculated from the propagation delay and T_delta. Thus maintaining Case#1 TA does not require maintaining the Case#1 TA control loop.

It was also discussed that Case #6 might have significant specification impact and RAN1 should minimize this impact (“RAN1 should strive to minimize specification impact due to this feature”). To our understanding, there may be a minimal specification impact to introduce Case #6 timing mode. Timing delta MAC CE can be easily used to carry this Case #6 timing information and the only difference would be the range of the time difference of the DL Tx and UL Rx timing at the parent node and the required granularity. We think that there is a sufficient number of reserved bits in the timing delta MAC CE defined in 38.321 such that different timing information required for Case #6 can be indicated. 

Also, in 38.213, the Case #1 timing is explained by the following text, 

	If an IAB-node is provided an index  in a Timing Delta MAC CE [11, TS 38.321] from a serving cell, 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-MT when , where  is obtained as for a "UE" in Clause 4.2 for the TAG containing the serving cell and  and  are determined as
-	 and , if the serving cell providing the Timing Delta MAC CE operates in FR1, 
-	 and , if the serving cell providing the Timing Delta MAC CE operates in FR2



A simple extension to the above description can be easily done for the Case #6 timing mode (especially considering Alt.2) where most of the background discussion of case #1 timing discussion can be reused. 

Observation 1: 
· Relying on Rel-16 OTA synchronization to maintain Case #6 timing assumes that there are frequent enough TA samples (MT transmissions with Case #1 timing). Depending on the operation mode, UL transmissions with Case#1 timing might be needed just for TA determination. 
· Case#1 timing can be derived from the propagation delay, obtained with Alt. 2, and T_delta.
· The spec impact when introducing new timing information to support Case #6 timing mode is minimal as most of the design and signalling of Case #1 can be reused. E.g. the timing delta MAC CE may carry the time offset signaling of Alt. 2 for Case#6 timing derivation,

Based on the above, we have the following proposal, 
[bookmark: _Hlk54373783]Proposal 1: The following shall be supported for Case#6 timing.
· Signaling 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 (Alt.2 agreed for Case#6 in the Rel-16 IAB SI). 
· Use the existing timing delta MAC-CE to indicate the time difference of the DL Tx and UL Rx timing at the parent node.
· FFS: Required range and granularity for the time difference of the DL Tx and UL Rx timing at the parent node. 

2.2	Case #7 timing
In Case#7 RX timings of the MT and DU are aligned while the TX is based on TA control (UL) and synchronized with the Donor DL (DU). Fig.2a illustrates the relative timing of the RX/TX slots (slot level alignment of RX signals).
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Figure 2a: Slot timings with Case#7 timing
Here, the MT UL timing can be based on the TA control. The difference to normal operation is that the IAB-node must adjust the UL (DU) RX timing of the child link(s) to match with the DL (MT) RX timing on the parent link. Therefore, the child link TA control is not only compensating the propagation delay but also adjusts the timing to align with the MT RX. The adjustment can aim at slot or symbol level alignment. RAN1 #103-e agreed to reflect these two variants:

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

The operation is otherwise similar to Case#1 except the targeted RX timing on the child links. However, if the propagation delay on the parent (BH) link is larger than on the child link, the TA value for the child link UL timing will become negative. SI agreement in RAN1 captured several alternatives to address Case #7,

Agreements:
Capture the following in the TR:
Case#7 
To enable alignment between DL and UL reception within the IAB node the following solutions have been identified: 
· Alt 1: Introduce negative initial time alignment (TA) for IAB nodes, to be applied to child nodes of the IAB node applying case #7 timing
· Alt 2: Apply a positive TA that enables symbol alignment, but not slot alignment, between the DL reception and the UL reception at the IAB node
· Alt. 3: Signalling of a relative offset w.r.t the most recent TA value, to be applied to child nodes of the IAB node applying case #7 timing to achieve an effective negative TA

RAN1 #103-e made further agreement on using rel-16 OTA synchronization for Case 7 timing. With this Alt. 3 seems not considered essential. 

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


To illustrate the symbol level alignment, we can analyse a normal case with a parent node, an IAB-node and a child node -scenario. Figure 2b shows the relative timings of RX and TX slots in such scenario. The UL TX timing on the parent link of the IAB-node is (in this example) the same as in Case#1 timing. The IAB-node adjusts the TA of the child link so that the IAB UL RX signal is aligned in symbol level with the parent link DL RX so that the switching gap (TSW) is smallest possible but positive and equal or larger than TAoffset. With Rel.16 T_delta signaling based on TSW, the child node can synchronize its DL timing the same way as the IAB-node.
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Figure 2b: Symbol alignment in Case#7 timing
The range of T_delta was defined to be TAoffset + 1 symbol period which will be suitable also for the child node as the required symbol alignment, TSA in the figure, is at most one symbol period.
The benefit with this approach (= Alt.2) is that there is no need to specify negative TA values and no change to T_delta signaling. Furthermore, there is no need to specify additional signaling just for the Case#7 timing. For these reasons, we are proposing the following:
Proposal 2: Case#7 timing shall apply the Alt.2 timing adjustment with symbol level alignment of MT and DU RX signals.

One issue that the IAB node may have to consider with Alt.2 is simultaneous support of both legacy UL and Case #7 UL. One possibility is that the legacy and case #7 UL reception timings at the IAB DU are maintained separately by scheduling different types of UEs/child nodes in a TDM manner. In this case, legacy UEs do not have UL transmissions which are FDM/SDMed with the IAB MT DL reception. If the support of Case #7 is also required for legacy UEs, a similar TA adjustment as in Figure 2b is required, where the legacy UE behaviour could be impacted if symbols carrying cell-specific channels/signals have to be muted to allow additional TA change. Overall, some further investigation is needed to check what is the exact impact on the legacy operation.      
3	Interference management
In RAN1 #103-e meeting, the following agreements were made on interference management, 
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
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.)

We think that RAN1 should first discuss the inter-IAB scenarios, where impacts are mainly on the IAB framework. Interference to non-IAB nodes could be discussed up to the limit that non-IAB-DU behaviours are not impacted due to the enhancements RAN1 introduces in Rel-17 eIAB. We do not think intra-IAB-node interference scenarios (interference between the DU and MT of an IAB node) need to be considered in RAN1 as those scenarios are related purely on IAB implementation.
Proposal 3: IAB interference management shall only be considered for inter-IAB scenarios. 

[bookmark: _Hlk31013357]Crosslink interference (CLI) scenarios may occur when IAB nodes are under the same or different CUs. If all nodes are under the same CU, the CU may control and provide measurement configurations to measure interferences among MT to MT, DU to DU, DU to MT and MT to DU scenarios at least for some extent. However, these measurements are based on semi-static configurations, but interferences tend to have dynamic variations. Also, when the IAB nodes are connected to different CUs, there are many uncontrolled/unknown aspects between IAB nodes in the network, and proper interference measurements even via semi-static manner could be problematic. 
Observation 2: Inter-IAB interferences scenarios can be controlled and measured at least in semi-static manner when the interfering/victim nodes in the IAB network are connected to the same donor node. However, the dynamic variation of interference may still be harder to control or measure. 
Observation 3: For multi-donor IAB network, without extending information exchange between CUs, the control or measurement of interference scenarios becomes problematic. 
As mentioned, even within the intra-donor scenario the coordination/measurement of interference could be problematic due to the fluctuation of interference in a dynamic manner. To improve dynamic interference measurement coordination/configuration, IAB nodes should have some level of understanding on resources they use and nodes they serve. Even though proper coordination of TX and RX is supported between the parent and IAB nodes within Rel-16 IAB framework, handling of the CLI was not considered. One of the main problems is that the IAB node has no knowledge about the parent (or other neighbouring nodes) which are serving other access UEs/child nodes with the same radio resources. 
When the same resources are used by the parent and IAB node to serve access UEs/child nodes, CLI scenarios can occur, and victim UEs/IAB nodes may experience different levels of CLI from each other depending on the CLI scenario. 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, there is no support on the other way around. 
We think that the knowledge of the parent link configuration at the child node 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: 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. 
When the nodes are not within the same CU, the exchange of resource configurations, cell-specific channels/signals, and others may be required between the donors. The required minimum level of information could be a starting point to see the feasibility of such donor level information exchange. Maybe the best group to check that is RAN3 and RAN1 should check the feedback from RAN3 prior to any agreement on inter-donor scenario. 
Proposal 4: Check with RAN3 about the possibility of extending the IAB interference management for the inter-donor scenario. 
We do not foresee any critical issue on CLI measurement accuracy as the measurement itself should be determined first. Therefore, we could come to the FFS on “required enhancements on CLI measurement accuracy (e.g. via timing adjustment, etc.)” at a later stage. 
In RAN1 #103-e meeting, RAN1 further made the following agreement on resource and beam coordination techniques. 
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.

The question whether or not to support IAB-MT UL transmissions in DL access slots may also be discussed in resource multiplexing topic, where we do not think MT transmissions in DL access slots should be forced via specification. If such transmissions are allowed in an implementation-specific manner, then it is up to the implementation to solve the remaining issues on resource and beam coordination issues as well.  

4	Power control
In RAN1 #103-e meeting, there was some discussion for enhancing power control mechanisms to address Rx power imbalance, Tx power imbalance, Tx power-sharing, and self-interference mitigation. Several study points were identified in the following agreement. 
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.

[bookmark: _GoBack]Concerning mainly FDM, 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 5: For simultaneous Tx operation at the IAB node, the power control mechanism shall consider the following: 
· IAB-node may report via capability signalling 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 agreement above, it is mentioned to consider “Central (e.g. by CU) power control coordination (e.g. semi-static max DL/UL Tx power limits)”, and the above proposal is partly considering this with the existing power control mechanisms. When the transmission power-sharing is done at the DU and MT, it is harder to CU to control the exact sharing limits as the tx power-sharing split may be implementation-specific. Therefore, our proposal is only to control tx power limits/ranges. We do not expect any other involvement by the CU. 
Proposal 6: CU does not need to control the IAB node power-sharing mechanism. 
When the simultaneous Rx is considered at the IAB-MT and IAB-DU, there could also be an imbalance between the IAB node's reception power. However, this 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. 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. Anyways, we think that SDM simultaneous reception should consider enhancements to the beam management, and RAN1 could address power imbalance issues within such an enhancement without a separate effort. For FDM mode, the Rx power imbalance issue could be handled still by the IAB-DU scheduling (e.g. UL power control of child nodes, scheduling of child nodes, etc..). A specification-based solution seems unnecessary to handle this issue. 
Proposal 7: For simultaneous Rx operation at the IAB node, the power control mechanism shall consider the following: 
· IAB DU use existing UL power control mechanism to control the UL power imbalance issue at the IAB node. 
· Use enhanced beam management techniques to avoid/minimize possible interference scenarios coming due to power imbalance at the IAB node Rx. 
· Indicating assistance information related to power control from the parent node is not required. 

5	Conclusions
In this contribution, we have discussed enhancement areas enabling SDM/FDM operation, particularly the timing options, as well as potential enhancements for CLI reduction. In summary, the following observations and related proposals are noted.

Timing Modes

Observation 1: 
· Relying on Rel-16 OTA synchronization to maintain Case #6 timing assumes that there are frequent enough TA samples (MT transmissions with Case #1 timing). Depending on the operation mode, UL transmissions with Case#1 timing might be needed just for TA determination. 
· Case#1 timing can be derived from the propagation delay, obtained with Alt. 2, and T_delta.
· The spec impact when introducing new timing information to support Case #6 timing mode is minimal as most of the design and signalling of Case #1 can be reused. E.g. the timing delta MAC CE may carry the time offset signaling of Alt. 2 for Case#6 timing derivation,

Proposal 1: The following shall be supported for Case#6 timing.
· Signaling 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 (Alt.2 agreed for Case#6 in the Rel-16 IAB SI). 
· Use the existing timing delta MAC-CE to indicate the time difference of the DL Tx and UL Rx timing at the parent node.
· FFS: Required range and granularity for the time difference of the DL Tx and UL Rx timing at the parent node. 

Proposal 2: Case#7 timing shall apply the Alt.2 timing adjustment with symbol level alignment of MT and DU RX signals.

Interference Management

Proposal 3: IAB interference management shall only be considered for inter-IAB scenarios. 

Observation 2: Inter-IAB interferences scenarios can be controlled and measured at least in semi-static manner when the interfering/victim nodes in the IAB network are connected to the same donor node. However, the dynamic variation of interference may still be harder to control or measure. 

Observation 3: For multi-donor IAB network, without extending information exchange between CUs, the control or measurement of interference scenarios becomes problematic. 
Proposal 3: 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. 
Proposal 4: Check with RAN3 about the possibility of extending the IAB interference management for the inter-donor scenario. 

Power Control

Proposal 5: For simultaneous Tx operation at the IAB node, the power control mechanism shall consider the following: 
· IAB-node may report via capability signalling 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 6: CU does not need to control the IAB node power-sharing mechanism. 
Proposal 7: For simultaneous Rx operation at the IAB node, the power control mechanism shall consider the following: 
· IAB DU use existing UL power control mechanism to control the UL power imbalance issue at the IAB node. 
· Use enhanced beam management techniques to avoid/minimize possible interference scenarios coming due to power imbalance at the IAB node Rx. 
· Indicating assistance information related to power control from the parent node is not required. 
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