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1. Introduction
This contribution provides our view on additional enhancements for simultaneous operation of IAB-node's child and parent links in the context of the Rel-17 IAB WID [1] objectives. Specifically, it addresses potential additional timing modes, power control, and interference management.
[bookmark: _Hlk32401284][bookmark: _Hlk24102609]2. Timing modes
Rel-16 has defined a baseline timing mode for IAB, referred as Case 1 timing, which is characterized by DL Tx timing alignment across all IAB-nodes and it maintains the Rel-15 UL timing adjustment framework. Additional timing modes were discussed as potentially useful in the context of enhanced duplexing capability between the IAB-MT and the IAB-DU, particularly for the SDM cases (i.e. simultaneous IAB-MT Rx and IAB-DU Rx, or simultaneous IAB-MT Tx and IAB-DU Tx). Specifically, Case 6 timing and Case 7 timing were agreed in RAN1#102-e [2]:
	RAN1#102-e Agreements
[bookmark: _Hlk49269411]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)




Case 6 timing is equivalent to Case 1 timing from a DL Tx timing alignment point of view. On the other hand, it requires the UL Tx timing of the IAB-MT to be aligned with the DL Tx timing of the IAB-DU, in an attempt to facilitate simultaneous transmission by the IAB-MT and the IAB-DU.
Similarly, Case 7 timing is too equivalent to Case 1 timing from a DL Tx timing alignment point of view. On the other hand, it requires the UL Rx timing of the IAB-DU to be aligned with the DL Rx timing of the IAB-MT, in an attempt to facilitate simultaneous reception by the IAB-MT and the IAB-DU.

These timing modes are illustrated in Figure 1.
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[bookmark: _Ref47646735]Figure 1 – IAB timing modes
The main drawback of Case 6 timing is that when it is used by a given IAB-node it will not be guaranteed that the parent node can ensure all received uplink signals are received time aligned within the CP duration. This may lead to interference in the upstream link (link to the parent node) unless uplink users are TDMed. This is undesirable because the operation of a node may have an impact on the scheduling policy of a parent node. To address this concern the following was agreed in the SI phase:
	IAB SI Agreements:
Agreements:
· The use of Case 6, if supported, at the IAB node should be under control of the parent or network.




Observation 2.1:
Operation in Case 6 timing mode of an IAB-node may cause uplink interference at the IAB-DU receiver of its parent node and/or may require special handling in the uplink scheduler of its parent node to TDM users to avoid such interference. This concern is addressed by letting the parent node be in control of Case 6 timing at a child node.
During the RAN1#102-e discussion additional concerns were raised about the potential implications on the mechanism for OTA timing synchronization defined in Rel-16. As a result it is important to establish whether there are indeed any related issues, considering the guidance from the RAN1#102-e agreement is to minimize the specification work for this timing mode.
As a reference a simplified illustration of Case 1 timing and the corresponding OTA synchronization mechanism to enable the estimation of the one-way propagation delay at a given node with assistance from its parent node is provided in Figure 2.
The equivalent illustration for Case 6 timing is provided in .
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[bookmark: _Ref54299727]Figure 2 – Illustration of Case 1 timing with OTA synchronization
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[bookmark: _Ref54301361]Figure 3 – Illustration of Case 6 timing with OTA synchronization
Comparing Figure 3 with Figure 2 it can be observed that the IAB-node MT UL slot timing for Case 6 is just a special instance of Case 1 timing, corresponding to a very specific TA value. Specifcally, Case 6 timing is achieved when TA is equal to the one-way propagation delay Tp. This implies that the parent node can in principle control the UL timing of its child node to meet the condition RxPU – TxPD = TA, where  RxPU – TxPD is the measured differential between ULslot timing and DL slot timing at the parent node. As a result, it can be observed that Case 6 timing at a given IAB node can be achieved by the parent node controlling the IAB node UL timing appropriately. Specifically, the TA adjustment at time n+1, TAadj(n+1), can be computed by the parent node as:
TAadj(n+1) =  ( RxPU (n)– TxPD (n) – TA(n) ) / 2
Observation 2.2:
Case 6 timing at a given IAB node can be achieved by the parent node controlling the IAB node UL timing appropriately.


Moreover, as illustrated in Figure 3, at the same time the IAB-MT UL timing is controlled by the parent for Case 6, OTA synchronization of the IAB-DU to its parent can be achieved concurrently using the mechanism defined in Rel-16.
Observation 2.3:
OTA synchronization for IAB can be achieved using the Rel-16 mechanism concurrently with Case 6 timing controlled by the parent node. 
As a result we have the following proposal:
Proposal 2.1:
Case 6 timing is supported using Rel-16 mechanisms.
The main open issue related to Case 7 timing is that in some conditions it may not be realizable with Rel-15 UL timing control procedures as it would require a negative effective TA on the uplink transmission timing. Specifically, this would occur when the one way delay to the parent node is larger than the round trip delay to the child node.
Observation 2.4:
Operation in Case 7 timing mode may require in some conditions a negative effective TA on the uplink transmission timing. Specifically, this would occur when the one way delay to the parent node is larger than the round trip delay to the child node.
As a result, we have the following proposal:
Proposal 2.2:
The effective TA for UL timing control is extended to the negative domain for the IAB-MT. 

3. Interference management
This section provides our view on various interefence scenarios that may show up in IAB. We first discuss the self-interference (SI) management in the case of (MT TX, DU RX) and (MT RX, DU TX) modes of operation. We then argue how the Rel-16 CLI framework can be minimally extended to efficiently support IAB interference management.
Full-duplex operation between IAB-MT and IAB-DU and SI management
Our companion paper [3] provides discussions and analysis to show full-duplex operation, in FR2, is feasible with reasonable performance and complexity.
[image: ]In order to support the enhanced duplexing (fulld-uplex) modes of (MT TX, DU RX) and (MT RX, DU TX), we require SI measurement/management procedures. 

We first note that there are practically two SI components: (a) local coupling between the TX and RX antennas, and (b) reflection of the transmitted signal, by a remote object, back to the receive antennas.
We further note that both SI components are beam-dependent. That is, the amount of SI (local SI and remote reflection) varies for different choices of TX and RX beams. Moreover, changes in the environment and the nearby objects would change the effect of remote reflections. Hence, SI and the capability of efficiently operating in these enhanced modes vary with beams and may change over time. 



Observation 3.1: 
There are two self-interference components:
· Local coupling between the transmit and receive antennas 
· Reflection of the transmitted signal, by a remote object, back to the receive antennas.
The amount of self-interference (and hence the efficiency of full-duplex capability) depends on TX and RX beamforming configurations and may change over time (due to change in the reflections).

Since the effect (amount) of SI may change over time, an IAB-node needs to periodically measure its SI to determine the channel quality when operating in full-duplex mode. 
However, SI measurements can be performed autonomously by an IAB-node. For example, while the IAB-node DU transmits DL signals (e.g. SSBs/CSI-RS), it can measure SI on the panels/beams associated with the IAB-node MT’s communications.  
Observation 3.2: 
To determine how efficiently an IAB-node can operate in the full-duplex mode, it needs to periodically perform SI measurements. 
Proposal 3.1:
SI measurement can be performed autonomously by an IAB-node.

As discussed in [3], and since the efficiency of operating in the full-duplex modes, depends on the TX or RX beams and may change over time, the network (CU and the parent-node) should be provided with sufficient and in-time information about the efficiency of the IAB-node’s capability of operating in enhanced multiplexing modes (including full-duplex). 
In other words, the IAB-node should notify the network about the result of its SI maasurements. However, instead of supporting detailed SI measurement report, we proposed to extend the enhanced multiplexing capability indication as in Porposal 2.2. Please refer to [3] for more details. 

Proposal 3.2: 
Extend the enhanced multiplexing capability indication as follows:
· (a) support local refinement indication of the enhanced multiplexing capability (i.e. whether the capability is available to what degree under which conditions) to the parent-node (e.g. via MAC-CE)
· (b) support indicating to the CU the configuration(s) required to enable an enhanced multiplexing capability – e.g. for which beams (SSBs) or which served child-nodes, the IAB-node can operate in the enhanced multiplexing mode.

The Rel-16 resource management framework plus the proposed extension to the capability indication should suffice to efficiently support enhanced multiplexing modes of operation (including full-duplex modes).  No further enhancements seem necessary. 

Enhancements to Rel-16 CLI framework
During the previous RAN1 meeting, various interference scenarios (among MTs and DUs) were identified. It was also proposed to use Rel-16 CLI as a starting point to manage these interference cases.
We first identify two general shortcomings of the Rel-16 CLI.
Observation 3.3: 
· Rel-16 CLI framework does not support coordination across CUs to indicate the SRS configurations for UEs/IAB-MT’s CLI measurement.
· Rel-16 CLI signaling (intended TDD configuration) should be extended to support IAB-specific resource configurations. 
Proposal 3.3: 
Send an LS to RAN3 to (a) support exchange of SRS configurations among CUs for CLI measurements, and (b) extend the intended TDD configuration signaling to support IAB-specific resource configurations.

MT-to-MT CLI managmenet
MT-to-MT CLI management can fundamentally reuse the Rel-16 UE-to-UE CLI framework. However, we note that the Rel-16 CLI framework is primarily a centralized (layer-3) procedure. More specifically, the CLI measurement objects are RRC configured, and the CLI measurement reports are L3 report sent to the CU. Hence, the DU is not involved in configuring the measurements, and more importantly does not get to know about the result of CLI measurements by its served UEs. This might have been fine for the UEs, who constantly move around, and their beams and interference profiles change dynamically. 
However, in an IAB-network, IAB-MTs are (i) [typically] static, (ii) their beams may change only occasionally, and (iii) they [typically] have a higher TX power than UEs. Hence, they may be subject to a strong and persistent CLI from another IAB-node (MT). Furthermore, IAB-MTs carry BH traffic and any degradation to their performance (e.g. due to CLI) will have a more significant impact compared to UEs. So, it makes sense to investigate simple enhancements that can improve the MT-to-MT CLI management. 

We believe an IAB-DU would generally benefit from the knowledge of its child-node IAB-MT’s CLI measurements to schedule them more efficiently. More specifically, in case of enhanced multiplexing modes, there will be MT-To-MT CLI scenarios across adjacent hops. For example, in case of (MT TX, DU TX), IAB-MT’s transmission may cause interference at a child-node MT attempting to receive DL from IAB-DU. Or for (MT RX, DU RX), a child-node MT’s UL transmission to IAB-DU may cause interference at the IAB-MT attempting to receive DL from parent-node DU. In these scenarios, if the IAB-DU and/or the parent-node DU have information about the associated MT-to-MT CLI, they can more efficiently coordinate the schedules across the two hops. 
Observation 3.4: 
· Rel-16 CLI measurements are RRC configured, and reports are L3 reports. Hence the DU (or parent-node DU) is not involved in configuring the measurements of its UEs (or child MTs) and more importantly does not know about the result of their CLI measurements.
· IAB-MTs may be subject to strong and persistent CLI from other IAB-nodes. 

Proposal 3.4: 
An IAB-DU is provided with the result of CLI measurements by its child MTs, e.g. which child MTs are subject to strong CLI from neighboring nodes.  

DU-to-DU CLI managmenet
There is currently no standardized DU-to-DU CLI management framework, while this is deemed necessary to guarantee inter-operability and especially in IAB networks for the CU to determine proper IAB-DU resource configurations. 
One may argue MT-to-MT CLI measurements/reports are sufficient to characterize the CLI between their collocated DUs. However, we note (1) an IAB-MT and its [logically] collocated IAB-DU may not share the same antenna arrays, and (2) even in case of sharing the same antenna arrays, an IAB-MT typically has only a single (or very few) relevant beams for its communications, while IAB-DU may use many more beams to serve its children. 
Observation 3.5: 
· A standardized DU-to-DU CLI management is needed for inter-operability and especially in IAB, for a CU to determine proper resource configurations for its IAB-DUs.
· MT-to-MT CLI measurements/reports may not be always sufficient to provide the required information about the collocated DU-to-DU CLI. 

DU-to-DU CLI measurements can be done autonomously. That is, an IAB-DU, with the knowledge about its neighboring DU cells – acquired by the IAB-MT e.g. via SMTC, can measure CLI. However, the missing aspect is the ability of a DU to report the result of its measurements to the CU. The report could simply be the list of neighboring DU cells causing strong CLI.
Observation 3.6: 
An IAB-DU can autonomously measure CLI from neighboring DU cells, based on the available information at the IAB-MT (e.g. SMTC).
Proposal 3.5:
Support IAB-DU reporting the result of its CLI measurements to the CU, e.g. the list of neighboring DU cells with strong CLI can be reported. 

Multiplexing capability across DU-cells 
Different cells served by a DU may interfere with other if their TDD configurations are not aligned. This can be characterized as intra-DU CLI. 
However, the DU can determine, based on its implementation (e.g. a multi-TRP implementation) and autonomous measurements, whether it can support dynamic TDD across its cells. DU can hence indicate this capability to the CU to allow for more efficient IAB-DU resource configurations by the CU. 
Observation 3.7: 
A DU may or may not be capable of supporting dynamic TDD across its served cells – e.g. (DU cell m TX, DU cell n RX).
Proposal 3.6: 
Support IAB-DU reporting multiplexing capability across its served cells (DU cell m TX, DU cell n RX).

4. Power control
During the previous RAN1 meeting, various ideas to enhance DL and UL power control were proposed. These ideas were generally about providing an IAB-DU with assistance information from a child-node or a parent-node, in order to properly control DL TX power of the IAB-DU or UL TX power of the child-node in case of enhanced multiplexing operation. It was further suggested these enhanced power control schemes should primarily address a potential TX and/or RX power imbalance issue.
In this section, we investigate two enhanced multiplexing modes of (MT TX, DU TX) and (MT RX, DU RX) from power control point of view. 
Power control for (MT TX, DU TX)
There are two potential issues in case of (MT TX, DU TX): (i) TX power imbalance, and (ii) TX power sharing.
We note that these potential issues mat arise ONLY if MT and DU share the same PAs and antennas to concurrently send their UL and DL signals respectively. This would further mean they send the two signals in the same beam direction (with the same analog beamforming configuration). Such a scenario is not expected to typically happen – specially in FR2.
However, in the [non-typical] case that MT and DU share the same PAs, the two UL and DL signals have the same constraints in terms of the max TX power and the dynamic range. Therefore, we may not expect a huge imbalance between the controlled UL TX power of MT and the DL TX power of DU. 
Indeed, the more major issue is potentially the power sharing, where the total power of the UL and DL signals is more than the available max TX power.
Observation 4.1: 
In case of (MT TX, DU TX), the potential power issues may happen only if MT and DU share the same PAs and antennas for their concurrent transmissions. In which case, 
· TX power imbalance seems to be less of a concern.
· TX power sharing rules are needed. 

There are various possible solutions to address TX power sharing (and imbalance). Some examples are
· Reusing similar framework as in NR-DC power sharing rule (e.g. dynamically or semi-statically sharing power between MT and DU),
· Defining prioritization rules among UL and DL signals,
· Defining enhanced DL/UL power control schemes using assistance information from child and/or parent-node,
· Reusing Rel-16 resource management framework.
Among the above different alternatives, let us further investigate the last one. The concurrent MT TX and DU TX happens within an IAB-DU resource that is of type HARD or SOFT. Also, if DU transmits SSB, or periodic CSI-RS within SOFT or NA (not-available) resources, those resources are treated as HARD. We can reuse the expected behavior of IAB-DU with respect to different types of resources to derive prioritization rules required to address TX power sharing (and imbalance) issues. 
· Over HARD resources, it is left to the IAB-node to decide whether to give priority (e.g. more TX power) to its DU’s DL TX or its MT’s UL TX.
· Over SOFT resources, IAB-node gives priority to its MT’s UL TX to avoid any impact on parent BH communication. 
· For SSB/CSI-RS transmissions, IAB-node should give priority to these DL reference signals because UEs/child MTs may be doing DL measurements based on these signals and the assumption that the DL TX power is constant and equal to the associated RRC-configured value. 
Given the above discussion, we do not see an immediate need to define any new power control scheme for (MT TX, DU TX) case.
Observation 4.2: 
In case of (MT TX, DU TX), and if TX power adjustment is needed to address either a power sharing or a power imbalance issue, the IAB-node prioritizes between its MT’s UL TX and DU’s DL TX based on the DU’s resource type (HARD and SOFT).
Note: SSB and CSI-RS should be transmitted with constant power.   

Power control for (MT RX, DU RX)
In this case, the potential issue is the RX power imbalance – i.e. MT’s DL RX power >> DU’s UL RX power. While the issue may happen specifically when MT and DU share the same panel, it may occur even if multiple panels are used for the concurrent receptions (depending on the amount of spatial isolation/separation).
The proposed “prioritization-based” solution for (MT TX, DU TX) is not applicable for this case, because without any coordination the parent-node DU will anyways send its DL signal towards IAB-MT that may block the UL reception at the IAB-DU. 
The coordination can be done either locally or centrally.
Alt1. IAB-node provides assistance information (e.g. request for a DL TX power back off) to the parent-node.
Alt2. CU may indicate max allowed TX power to the parent-node.
We note the CU may already have sufficient information, through the reported measurements, whether/how much power back off is needed.
We also note that CU being able to configure max TX power for a DU cell would be quite useful in handling different interference scenarios that may show up beyond the (MT RX, DU RX) case. 

Observation 4.3: 
In case of (MT RX, DU RX), MT’s received DL signal can be too strong that it may block DU’s reception of an UL signal.  
Proposal 4.1: 
Support CU provding an IAB-DU, for each of its served cells, an indication of the max allowed DL TX power.

Conclusion
This contribution provided our view on additional enhancements for simultaneous operation of IAB-node's child and parent links . The following observations and proposals were made:


Observation 2.1:
Operation in Case 6 timing mode of an IAB-node may cause uplink interference at the IAB-DU receiver of its parent node and/or may require special handling in the uplink scheduler of its parent node to TDM users to avoid such interference. This concern is addressed by letting the parent node be in control of Case 6 timing at a child node.
Observation 2.2:
Case 6 timing at a given IAB node can be achieved by the parent node controlling the IAB node UL timing appropriately.
Observation 2.3:
OTA synchronization for IAB can be achieved using the Rel-16 mechanism concurrently with Case 6 timing controlled by the parent node. 
Proposal 2.1:
Case 6 timing is supported using Rel-16 mechanisms.
Observation 2.4:
Operation in Case 7 timing mode may require in some conditions a negative effective TA on the uplink transmission timing. Specifically, this would occur when the one way delay to the parent node is larger than the round trip delay to the child node.
Proposal 2.2:
The effective TA for UL timing control is extended to the negative domain for the IAB-MT. 


Observation 3.1: 
There are two self-interference components:
· Local coupling between the transmit and receive antennas 
· Reflection of the transmitted signal, by a remote object, back to the receive antennas.
The amount of self-interference (and hence the efficiency of full-duplex capability) depends on TX and RX beamforming configurations and may change over time (due to change in the reflections). 
Observation 3.2: 
To determine how efficiently an IAB-node can operate in the full-duplex mode, it needs to periodically perform SI measurements. 
Proposal 3.1:
SI measurement can be performed autonomously by an IAB-node.
Proposal 3.2: 
Extend the enhanced multiplexing capability indication as follows:
· (a) support local refinement indication of the enhanced multiplexing capability (i.e. whether the capability is available to what degree under which conditions) to the parent-node (e.g. via MAC-CE)
· (b) support indicating to the CU the configuration(s) required to enable an enhanced multiplexing capability – e.g. for which beams (SSBs) or which served child-nodes, the IAB-node can operate in the enhanced multiplexing mode.
Observation 3.3: 
· Rel-16 CLI framework does not support coordination across CUs to indicate the SRS configurations for UEs/IAB-MT’s CLI measurement.
· Rel-16 CLI signaling (intended TDD configuration) should be extended to support IAB-specific resource configurations. 
Proposal 3.3: 
Send an LS to RAN3 to (a) support exchange of SRS configurations among CUs for CLI measurements, and (b) extend the intended TDD configuration signaling to support IAB-specific resource configurations.
Observation 3.4: 
· Rel-16 CLI measurements are RRC configured, and reports are L3 reports. Hence the DU (or parent-node DU) is not involved in configuring the measurements of its UEs (or child MTs) and more importantly does not know about the result of their CLI measurements.
· IAB-MTs may be subject to strong and persistent CLI from other IAB-nodes. 

Proposal 3.4: 
An IAB-DU is provided with the result of CLI measurements by its child MTs, e.g. which child MTs are subject to strong CLI from neighboring nodes.  
Observation 3.5: 
· A standardized DU-to-DU CLI management is needed for inter-operability and especially in IAB, for a CU to determine proper resource configurations for its IAB-DUs.
· MT-to-MT CLI measurements/reports may not be always sufficient to provide the required information about the collocated DU-to-DU CLI. 
Observation 3.6: 
An IAB-DU can autonomously measure CLI from neighboring DU cells, based on the available information at the IAB-MT (e.g. SMTC).
Proposal 3.5:
Support IAB-DU reporting the result of its CLI measurements to the CU, e.g. the list of neighboring DU cells with strong CLI can be reported. 
Observation 3.7: 
A DU may or may not be capable of supporting dynamic TDD across its served cells – e.g. (DU cell m TX, DU cell n RX).
Proposal 3.6: 
Support IAB-DU reporting multiplexing capability across its served cells (DU cell m TX, DU cell n RX).

Observation 4.1: 
In case of (MT TX, DU TX), the potential power issues may happen only if MT and DU share the same PAs and antennas for their concurrent transmissions. In which case, 
· TX power imbalance seems to be less of a concern.
· TX power sharing rules are needed. 
Observation 4.2: 
In case of (MT TX, DU TX), and if TX power adjustment is needed to address either a power sharing or a power imbalance issue, the IAB-node prioritizes between its MT’s UL TX and DU’s DL TX based on the DU’s resource type (HARD and SOFT).
Note: SSB and CSI-RS should be transmitted with constant power.   
Observation 4.3: 
In case of (MT RX, DU RX), MT’s received DL signal can be too strong that it may block DU’s reception of an UL signal.  
Proposal 4.1: 
[bookmark: _GoBack]Support CU provding an IAB-DU, for each of its served cells, an indication of the max allowed DL TX power.
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