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	Introduction
In a companion paper ‎[3], we provide our views on resource multiplexing in eIAB systems. In this paper, we provide our views on enabling features such as timing alignment, power control, and interference management.
	Discussion
	Timing alignment
It was agreed in RAN1#102-e to support 	Case-6 timing for Case A (simultaneous Tx) and Case-7 for Case B (simultaneous Rx) multiplexing. Furthermore, the following agreements were made in RAN1#103-e ‎[2]:
	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
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
Agreement
Case 6 timing mode operation at an IAB-node is controlled by the parent node to which the UL transmission is intended for.



Since Case-1 timing alignment does not specify timing relationships for uplink, IAB nodes in Rel-16 normally follow the legacy timing advance (TA) procedure for uplink transmissions. For an IAB node with one antenna panel/RF frontend connected to a baseband unit, symbol boundaries should be aligned for simultaneous transmissions (Case-6 timing alignment) and simultaneous receptions (Case-7 timing alignment). Multi-panel scenarios are normally expected to impose less stringent constraints on timing alignment, and hence, timing alignment for Case C (Case 3) and Case D (Case 4) duplexing are deprioritized.
In a general multi-hop IAB topology with arbitrary propagation delays between adjacent IAB nodes, transmission and receptions cannot all be aligned simultaneously because there are not sufficient degrees of freedom. Therefore, applying a transmission timing alignment (Case-6) or reception timing alignment (Case-7) in an IAB node at a time results in misalignment at some other node in the proximity (in a general scenario). Furthermore, provided that signalling is specified to support timing alignment based on Case-6 and Case-7, it can be shown that both cases perform fairly similarly across different scenarios.
It has been proposed to support semi-static and dynamic signalling in eIAB systems, and companies have been encouraged to consider different aspects of resource partitioning. An important aspect in a general multi-hop scenario is that timing of transmissions or receptions may need to be aligned (at the symbol level) differently at different IAB nodes and/or in different slots.
First, whether timing alignment is needed for the case of simultaneous TX (Case A) or simultaneous RX (Case B) in an IAB node depends on the IAB node’s capability. Particularly if the IAB node has multiple IFFT/FFT windows for OFDM processing, it does not need to perform timing alignment further than Case-1, which can improve the possibility of simultaneous operations significantly. Therefore, we propose that the IAB node’s capability for timing alignment be reported to the IAB donor and/or the parent node.
[bookmark: _Toc61554238][bookmark: _Toc61556556][bookmark: _Toc61556770][bookmark: _Toc61557416][bookmark: _Toc61558126][bookmark: _Toc61559435][bookmark: _Toc61860809][bookmark: _Toc61869497][bookmark: _Toc61870338][bookmark: _Toc61871474][bookmark: _Toc61874652][bookmark: _Toc61893677]Support reporting an IAB node capability that indicates whether the IAB node requires timing alignment between IAB-MT and IAB-DU.
Next, for an IAB node with a single antenna panel/RF frontend connected to a baseband unit that has a single IFFT/FFT window, Case-6 timing alignment should be applied when UL resources are configured for IAB-MT and DL resources are configured for IAB-DU; and conversely, Case-7 timing alignment should be applied when DL resources are configured for IAB-MT and UL resources are configured for IAB-DU.
Therefore, we propose to specify timing alignment configuration for IAB nodes. A timing alignment configuration can be specified for a number of slots, a semi-static scheduled (SPS) channel, and so on. Configurations work well for hard DL/UL resources, but with flexible and/or soft resources, a timing alignment mode may or may not need to be applied at a particular time slot. Hence, lower layer control signaling can be further employed to activate or trigger a timing alignment mode.
[bookmark: _Toc54333407][bookmark: _Toc54334221][bookmark: _Toc54335452][bookmark: _Toc54336346][bookmark: _Toc54337822][bookmark: _Toc54338579][bookmark: _Toc54339091][bookmark: _Toc54339223][bookmark: _Toc54340304][bookmark: _Toc54345672][bookmark: _Toc61554239][bookmark: _Toc61556557][bookmark: _Toc61556771][bookmark: _Toc61557417][bookmark: _Toc61558127][bookmark: _Toc61559436][bookmark: _Toc61860810][bookmark: _Toc61869498][bookmark: _Toc61870339][bookmark: _Toc61871475][bookmark: _Toc61874653][bookmark: _Toc61893678]Support configuration and control signaling for applying Case-6 and Case-7 timing alignment at enhanced IAB nodes.
It is desired to support operation of IAB systems with mixed Rel-16 and Rel-17 IAB nodes. Signaling and application of enhanced timing alignment schemes should therefore be transparent to Rel-16 IAB nodes.
Case-6 timing alignment:
In order to realize Case-6, an IAB node should align its uplink transmission with downlink transmission. Since downlink transmissions should be aligned across IAB nodes according to Case-1, the IAB node needs no additional information to apply Case-6.
Case-7 timing alignment:
In order to realize Case-7, the IAB node does need additional information. Consider the scenario depicted in ‎Figure 1.
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[bookmark: _Ref47535681][bookmark: _Ref47559479][bookmark: _Ref47614243]. Example scenario
The goal is for the parent node (PN) and the child node (CN) to transmit signals simultaneously to the IAB node (N) in a way that symbol boundaries are aligned at N. Given that the downlink transmission from PN to N is already determined in Case-7 similar to Case-1, the only degree of freedom is to adjust the uplink transmission time.
Let us define the following notations:
· : the propagation delay between PN and N
· : downlink transmission time by PN
· : downlink reception time at N from PN
· : the propagation delay between CN and N
· : uplink transmission time by CN
· : uplink reception time at N from CN
A scheme based on Case-7 should set:

This is the transmission timing that should be applied by CN. We can assume that  is already known to CN as Case-1 already aligns all downlink transmission times across PN, N, and CN. However, additional signaling is needed to inform CN of the prorpagation delay term in the round brackets. 
[bookmark: _Toc54333409][bookmark: _Toc54334223][bookmark: _Toc54335454][bookmark: _Toc54336347][bookmark: _Toc54337823][bookmark: _Toc54338580][bookmark: _Toc54339092][bookmark: _Toc54339224][bookmark: _Toc54340305][bookmark: _Toc54345673][bookmark: _Toc61554240][bookmark: _Toc61556558][bookmark: _Toc61556772][bookmark: _Toc61557418][bookmark: _Toc61558128][bookmark: _Toc61559437][bookmark: _Toc61860811][bookmark: _Toc61869499][bookmark: _Toc61870340][bookmark: _Toc61871476][bookmark: _Toc61874654][bookmark: _Toc61893679]Define signaling to communicate information of the parent link propagation delay to child IAB nodes.
Unified timing alignment:
It was proposed in the previous meeting to support a unified timing alignment framework. This approach can simplify signaling of timing alignment and provide higher flexibility for future extensions.
In order to realize a unified scheme, we should note that the uplink timing for legacy TA, Case-6, and Case-7 can be written in the following canonical form:

In this equation,  is obtained by legacy TA command,  is obtained for Case-1, which in turn determines uplink transmission time for Case-6, and  is the additional TA for Case-7 as derived earlier. By setting the constant coefficients , the IAB node can determine the timing advance  for any of legacy TA (Case-1), Case-6, and Case-7 modes.
[bookmark: _Toc61556559][bookmark: _Toc61556773][bookmark: _Toc61557419][bookmark: _Toc61558129][bookmark: _Toc61559438][bookmark: _Toc61860812][bookmark: _Toc61869500][bookmark: _Toc61870341][bookmark: _Toc61871477][bookmark: _Toc61874655][bookmark: _Toc61893680]Support a unified timing alignment scheme.

Power control
The following agreements were made in RAN1#103-e:
	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.



When an IAB node performs simultaneous operations in upstream and downstream through a single antenna panel, power imbalance between the two operations should be maintained within a threshold. In Case A (simultaneous Tx), the threshold is determined by the dynamic range of the power amplifier, while in Case B (simultaneous Rx), the threshold is determined by the resolution of the AGC. In either case, mechanisms for power control are needed to ensure that stronger signals do not corrupt weaker signals.
In legacy systems, open-loop and closed-loop power control procedures are specified to ensure balanced received powers from UEs. Since IAB Rel-16 inherits the same procedures, uplink transmit powers of IAB nodes are subject to full control by their respective parent nodes. This, however, can raise issues with simultaneous operation as explained below.
Consider the example scenario illustrated in ‎Figure 1. In that scenario, uplink transmit power of the IAB node (N) is controlled by the parent IAB node (PN). Consider Case A duplexing where PN schedules a PUSCH for N, and N schedules a simultaneous PDSCH for the child IAB node (CN). If the instantaneous uplink transmit power by N has a large offset with respect to its target downlink transmit power, N will be compelled to either alter its downlink transmit power or drop the transmission. This may be caused by a large power imbalance between upstream and downstream transmissions for N, or by a constraint on the total transmit power, and so on. However, prior information of the transmit power could help N decide whether it wants to schedule any simultaneous downstream transmissions in the first place.
A similar issue may be raised for Case B duplexing. If the IAB node N does not obtain prior knowledge of the received power from its parent node PN, it may not be able to send TPC commands to its child node CN for a simultaneous communication in order to maintain a balanced receive power for signals received from PN and CN.
[bookmark: p2][bookmark: p3]As discussed under 8.10.1, semi-static resource configuration (partitioning) provides a reliable means to coordinate on otherwise-complex aspects such as timing alignment, interference management, and so on. Power control in uplink and downlink is another aspect that can be handled by semi-static configurations in addition to L1/L2 control signaling. In this approach, power control processes are configured in a semi-persistent manner for each resource partition. This provides an early assessment of transmit and receive powers for IAB nodes on each resource partition so as to allow the IAB nodes to schedule simultaneous operations, signal transmit power control to child nodes, and so on. Such signalling can be controlled by the donor IAB-CU and further complemented by L1/L2 signaling.
[bookmark: _Toc54333410][bookmark: _Toc54334224][bookmark: _Toc54335455][bookmark: _Toc54336348][bookmark: _Toc54337824][bookmark: _Toc54338581][bookmark: _Toc54339093][bookmark: _Toc54339225][bookmark: _Toc54340306][bookmark: _Toc54345674][bookmark: _Toc61554241][bookmark: _Toc61556560][bookmark: _Toc61556774][bookmark: _Toc61557420][bookmark: _Toc61558130][bookmark: _Toc61559439][bookmark: _Toc61860813][bookmark: _Toc61869501][bookmark: _Toc61870342][bookmark: _Toc61871478][bookmark: _Toc61874656][bookmark: _Toc61893681]Support power control configurations at least for Case A and Case B duplexing.
Although power control configurations as described above are helpful for resource planning, scheduling, interference management, etc., dynamic L1/L2 control signaling is still needed to handle variations due to mobility and beamforming among other factors. Such signaling is expected to require power control in both uplink and downlink communications. IAB-MT uplink power control can follow similar principles as UE uplink power control and possibly enjoy enhancements, for example, for Case A duplexing.
IAB-DU downlink power control can also be specified to enable Case B duplexing at a child node. For example, the child node can request a serving IAB-DU for a change in its DL Tx power such that the child node’s Rx power on its MT and DU remain within a threshold. Given constraints such as intended coverage and dynamic range, the serving IAB-DU can then respond by changing the DL Tx power as requested by the child node.
[bookmark: _Toc61874657][bookmark: _Toc61893682]Support control signaling for UL/DL power control between child and parent nodes.

	Interference management
The following was agreed in RAN1#103-e:
	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
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.)



Different types of interference, including cross-link interference (CLI) among adjacent IAB nodes and self-interference (SI) within an IAB node can be handled by configuring reference signals that other IAB nodes in the vicinity can measure. These reference signals are naturally CSI-RS for DL resources and SRS for UL resources. This approach works well at least for handling interference among IAB nodes connected to the same IAB donor, because information of these designated CSI-RS/SRS configurations can be provided to all the IAB nodes by the IAB-CU. The case of interference among IAB nodes connected to different IAB donors can be further studied. Furthermore, CLI where either the aggressor or the victim is a UE can also be handled by existing CLI specifications.
CLI management was specified in Rel-16. Two types of CLI measurements were specified: SRS-RSRP and CLI-RSSI. The configurations specified for CLI Rel-16 are essentially periodic, and adjusting for timing offsets are left to implementation.
Given that a typical IAB deployment may allow IAB nodes to be in close proximity compared to a typical cellular system, especially in mobile IAB scenarios where a continuous CLI measurement and a flexible resource allocation for reference signals is needed, several aspects of CLI can be enhanced for application in IAB systems. For example, semi-persistent configurations where IAB nodes can activate or deactivate reference signal transmissions and measurements can be introduced so as to allow multi-hop IAB systems to gain control over measurements and reporting.
Another aspect to enhance is adjusting for timing offsets. This was agreed to be left to implementation in CLI Rel-16 in order to avoid excessive signaling between cells for timing adjustments. However, since IAB-DUs transmit SS/PBCH blocks (unlike UEs), the timing obtained by receiving the downlink signals can be used to adjust timing, for example, for measuring SRS from the respective IAB-MTs.
[bookmark: _Toc54333411][bookmark: _Toc54334225][bookmark: _Toc54335456][bookmark: _Toc54336349][bookmark: _Toc54337825][bookmark: _Toc54338582][bookmark: _Toc54339094][bookmark: _Toc54339226][bookmark: _Toc54340307][bookmark: _Toc54345675][bookmark: _Toc61554242][bookmark: _Toc61556561][bookmark: _Toc61556775][bookmark: _Toc61557421][bookmark: _Toc61558131][bookmark: _Toc61559440][bookmark: _Toc61860814][bookmark: _Toc61869502][bookmark: _Toc61870343][bookmark: _Toc61871479][bookmark: _Toc61874658][bookmark: _Toc61893683]Consider enhancements for improving resource management and timing adjustment for CLI measurements in IAB systems.
Companies were encouraged in the previous meetings to further consider resource partitioning scenarios. One of the main aspects is how to handle interference and whether that affects DL/UL resources and backhaul/access links.
[bookmark: _Hlk54338286]We propose to consider both downlink and uplink resources to cover all the four duplexing cases at least for the backhaul link. The different types of interference, including cross-link interference (CLI) and self-interference (SI), among adjacent IAB nodes and within an IAB node, can be handled by configuring reference signals that other IAB nodes in the vicinity can measure. These reference signals are naturally CSI-RS for DL resources and SRS for UL resources. This approach works well at least for handling interference among IAB nodes connected to the same IAB donor, because information of these designated CSI-RS/SRS configurations can be provided to all the IAB nodes by the IAB-CU. The case of interference among IAB nodes connected to different IAB donors can be further studied.
Furthermore, CLI where either the aggressor or the victim is a UE can also be handled by existing CLI specifications. Therefore, it can be argued that resource partitioning for duplexing cases need not be discriminated based on resource type (DL/UL) or link type (access/backhaul).
[bookmark: _Toc54311505][bookmark: _Toc54311605][bookmark: _Toc54311800][bookmark: _Toc54332053][bookmark: _Toc54332731][bookmark: _Toc54332775][bookmark: _Toc54332817][bookmark: _Toc54336717][bookmark: _Toc54336878][bookmark: _Toc54341455][bookmark: _Toc54341513][bookmark: _Toc54345802][bookmark: _Toc54393519][bookmark: _Toc54393580][bookmark: _Toc54393719][bookmark: _Toc61520645][bookmark: _Toc61536511][bookmark: _Toc61541291][bookmark: _Toc61541343][bookmark: _Toc61544634][bookmark: _Toc61547547][bookmark: _Toc61558132][bookmark: _Toc61559441][bookmark: _Toc61860815][bookmark: _Toc61869503][bookmark: _Toc61870344][bookmark: _Toc61871480][bookmark: _Toc61874659][bookmark: _Toc61893684]Support CLI for downlink and uplink resources of backhaul links and access links.
Advantages pursued by deploying IAB systems are reducing cell planning efforts and support for mobile small cells. IAB systems are expected to measure interference frequently and respond appropriately in a timely manner. That includes cross-link interference (CLI) and inter-cell interference (ICI) as well as self-interference (SI) in the case of enhanced duplexing. Enhancements to interference management in IAB systems is further encouraged by the possibility of more effective coordination among IAB nodes that are connected to the same IAB donor; responding to prohibitive interference by proper beamforming and power control; and so on.
Consider the scenario in ‎Figure 2.
[image: ]
[bookmark: _Ref61867473]. Example scenario for CLI and SI
For MT to MT, DU to DU, DU to MT, and MT to DU interference between different IAB nodes, existing CLI and ICI mechanisms can be taken as a starting point for enhancements. Particularly, for managing interference between IAB nodes served by the same IAB donor, it is possible for the IAB donor to configure CSI-RS or SRS to measure downlink or uplink interference from an IAB-DU or IAB-MT, respectively, and share this information with IAB nodes in the vicinity. Since the interference from the DU or MT on other IAB nodes changes with variations in beamforming, Tx power, mobility, etc., the reference signal can be transmitted while such parameters are applied according to upcoming transmissions, hence allowing other IAB nodes to measure the resulting interference.
[bookmark: _Toc61869504][bookmark: _Toc61870345][bookmark: _Toc61871481][bookmark: _Toc61874660][bookmark: _Toc61893685]Support configuration of reference signals for measuring CLI according to the aggressor node’s current beamforming, Tx power, etc.
A similar situation applies to the case of self-interference for enhanced duplexing. Since beamforming can change the amount of SI between DU and MT of the IAB node, and since this interference generally depends on the environment, which may be varying in the case of mobile IAB or changing scattering environment, it is desired to devise similar mechanisms for SI measurement. In order to save resource overhead, same reference signals can be used for CLI and SI. Therefore, we propose to consider the different types of interference under the same framework.
[bookmark: _Toc54311506][bookmark: _Toc54311606][bookmark: _Toc54311801][bookmark: _Toc54332054][bookmark: _Toc54332732][bookmark: _Toc54332776][bookmark: _Toc54332818][bookmark: _Toc54336718][bookmark: _Toc54336879][bookmark: _Toc54341456][bookmark: _Toc54341514][bookmark: _Toc54345803][bookmark: _Toc54393520][bookmark: _Toc54393581][bookmark: _Toc54393720][bookmark: _Toc61520646][bookmark: _Toc61536512][bookmark: _Toc61541292][bookmark: _Toc61541344][bookmark: _Toc61544635][bookmark: _Toc61547548][bookmark: _Toc61558133][bookmark: _Toc61559442][bookmark: _Toc61860816][bookmark: _Toc61869505][bookmark: _Toc61870346][bookmark: _Toc61871482][bookmark: _Toc61874661][bookmark: _Toc61893686]Support interference management, including CLI and SI, at least among IAB nodes connected to the same IAB donor. CLI and SI management can be specified under the same framework in order to reduce specification effort, improve implementation flexibility, and save resource overhead for reference signals.
Another interference scenario discussed in the last meeting is the case of interference from IAB nodes on non-IAB cells. This scenario is also of importance because IAB systems are distributed in nature, hence causing varying interference on nearby cells. Existing TDD coordination signaling falls short in conveying this information to nearby cells for interference management. Signaling enhancements between IAB and non-IAB cells can be considered to enable resource coordination and interference management among non-IAB cells and IAB systems. We propose to introduce proper signaling so as to avoid need for “IAB-MT transmission in DL access slots.”
[bookmark: _Toc61870347][bookmark: _Toc61871483][bookmark: _Toc61874662][bookmark: _Toc61893687][bookmark: _GoBack]Support interference management among non-IAB cells and IAB systems. No need to introduce IAB-MT transmission in DL access slots in the specification.
	Conclusions
In this contribution, we discussed other enhancements for simultaneous operation of child and parent links of an IAB-node and made the following proposals:
Proposal 1:	Support reporting an IAB node capability that indicates whether the IAB node requires timing alignment between IAB-MT and IAB-DU.
Proposal 2:	Support configuration and control signaling for applying Case-6 and Case-7 timing alignment at enhanced IAB nodes.
Proposal 3:	Define signaling to communicate information of the parent link propagation delay to child IAB nodes.
Proposal 4:	Support a unified timing alignment scheme.
Proposal 5:	Support power control configurations at least for Case A and Case B duplexing.
Proposal 6:	Support control signaling for UL/DL power control between child and parent nodes.
Proposal 7:	Consider enhancements for improving resource management and timing adjustment for CLI measurements in IAB systems.
Proposal 8:	Support CLI for downlink and uplink resources of backhaul links and access links.
Proposal 9:	Support configuration of reference signals for measuring CLI according to the aggressor node’s current beamforming, Tx power, etc.
Proposal 10:	Support interference management, including CLI and SI, at least among IAB nodes connected to the same IAB donor. CLI and SI management can be specified under the same framework in order to reduce specification effort, improve implementation flexibility, and save resource overhead for reference signals.
Proposal 11:	Support interference management among non-IAB cells and IAB systems. No need to introduce IAB-MT transmission in DL access slots in the specification.
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