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

Timing modes
Case 7 timing
There are two possible options for IAB to support case 7 timing, which are legacy TA mechanism and additional offset to TA for transmission timing of child IAB MT. It is notable that case 7 timing is, by definition, DU Rx timing is aligned to MT Rx timing. It means the transmission timing of child IAB should be changed according to DU Rx timing which can be varying according to channel variation. One of the main reasons for symbol level alignment for case 7 timing is to keep legacy TA mechanism, that is, slot level alignment of case 7 timing may cause negative TA which leads TA enhancement, i.e., the extension of TA range, is needed. In the same context, case 7 timing is desirable to be handled by existing TA mechanism without introducing offset to TA. Additionally, case 1 transmission timing of child IAB and case 7 transmission timing of child IAB may not need to be distinguished since the IAB node can maintain case 7 timing without simultaneous reception. It means the offset of TA for case 7 timing can be redundant information.
Proposal 1: For Case 7 timing, legacy TA mechanism without TA offset should be applied.

Case 6 timing
There are two options for case 6 timing, which are configuration by parent IAB and timing adjustment by IAB itself. Considering that the parent IAB configures case 6 timing, there are two detailed options: 
· Option 1. Using the legacy TA mechanism 
· Option 2. Configuring an offset value addition to the legacy TA

Since the case 6 timing is not symbol level alignment, so the change in TA could be large, which makes it cannot be changed due to the granularity of existing TA mechanism. Conventionally the TA value is set by an initial value with the RAR UL grant and is updated with MAC-CE. When it comes to the RAR UL grant, the TA is, [image: ], where [image: ] = 0, 1, 2, ..., 3846, and the adjustment is made with MAC-CE, which is, [image: ] where [image: ] = 0, 1, 2,..., 63. Therefore, if propagation delay from parent IAB to IAB-MT is longer than a range of TA, it is hard to adjust this with legacy TA, and an offset is essential. Also, even if an offset value is given, the total TA given by the parent may have an error with the MT Tx timing of the IAB node due to the fact that granularity of TA is in Ts units. In such a case, simultaneous operation of the IAB node may be impossible according to the capability of IAB when the IAB should align FFT boundary for both of transmission to perform simultaneous transmission. Therefore, even the parent node indicates an offset to the TA, it would be good to give room for the IAB node to adjust.
Or, the simplest way for case 6 timing is enable IAB node to align MT Tx timing to DU DL Tx timing of the IAB node itself. Since the DU DL Tx timing of all IAB nodes is synchronous, it is desirable to align the MT UL Tx timing with its own DU DL Tx timing without being indicated by the parent.
Proposal 2: For Case 6 timing, IAB MT Tx timing configured by an offset to the TA from the parent IAB or adjusting it by its own DU DL Tx timing should be adopted.

Switching among timings
The simultaneous operation of IAB node may or may not be related to the timing mode depending on capabilities. For example, depending on the implementation, there can be an IAB node that should support case 6 timing mode for simultaneous transmission, on the other hand, there may be an IAB node that can perform simultaneous transmission with case 1 timing mode. Depending on this capability, the simultaneous operation will be performed without error case only when the understanding of timing modes is aligned long termly between parent IAB node and IAB node, and between IAB node and child IAB node so that there is no misunderstanding between them. Otherwise, for example, if the IAB node has configured case 6 timing which is not possible, this may affect the DU Rx timing of the parent IAB node and cause a chain action that affects the simultaneous operation of the parent IAB node. 
In order to prevent this situation in advance, it is desirable to receive an indication of the timing mode according to the resource in a semi-static manner. For switching between Cases 1, 6, and 7, it is necessary to separate the MT and DU from each standpoint. i.e., case 6 timing is to align MT Tx timing, and case 7 is to align DU Rx timing, so the timing for each resource of MT and DU can be considered to be independently given by RRC/DCI and F1-AP, respectively. The only remained problem is when the timing mode for each resource changes dynamically. It is necessary to study the timing mode that does not match the capability of the IAB node and the rule when simultaneous operation is set. One step further, it is necessary to study the rule for IAB node when specific simultaneous operation and timing mode which is out of the capability of the IAB node is configured.
Proposal 3: The association of timing modes and time resource of an IAB node for switching among timing modes should be adopted.

CLI
Self-interference management
Although it was agreed not to specify a new mechanism for self-interference, measurement of self-interference is necessary since in multiplexing cases C and D, residual self-interference may cause misunderstandings in MCS selection. Therefore, it is necessary to discuss how to reflect residual self-interference by using the existing mechanism.
MT-Rx/DU-Tx
In the case of MT-Rx/DU-Tx, MT can measure residual self-interference from DU-TX to MT-Rx, and framework for CLI report or CSI-report can be used for the self-interference measurement and reporting. To be specific, if framework for CLI measurement and reporting is used for CLI measurement, CLI-RSSI measurement can be applied rather than SRS-RSRP which is not assumed for DU. Also, if CSI measurement and reporting is applied, MT can measure signal strength including the self-interference using ZP-CSI-RS, and the measured interference can be applied to calculate SINR for CQI reporting. Also, if needed, enhancement of CLI measurement/reporting or CSI-reporting can be adopted considering on DU-Tx beam change.
Proposal 4: In the case of MT-Rx/DU-Tx, framework for CLI report or CSI-report can be used for the self-interference measurement and reporting. Also, if needed, enhancement of CLI measurement/reporting or CSI-reporting can be adopted.

MT-Tx/DU-Rx
In case of MT-Tx/DU-Rx, DU can measure self-interference from MT-Tx to DU-Rx. Since MT-Tx is operated by scheduling of parent IAB-DU, the DU can expect that simultaneous operation will be existed at the time duration. Also, if DU measures self-interference from MT-Tx, DU can operate self-interference cancellation. Also, the DU should measure the strength of residual self-interference for calculating SINR of the target UE. For supporting these operations, exclusively assigned time/frequency resource between MT (self-interference) and child MT (desired signal) should be assigned for guaranteeing accurate SI measurement result. 
Proposal 5: In case of MT-Tx/DU-Rx, exclusively assigned time/frequency resource between MT (self-interference) and child MT (desired signal) should be assigned.

DU to DU CLI
 The existing CLI framework is based on reporting of gNB’s interference by UE, which means cannot be adopted to DU to DU CLI measurement and report since reporting by gNB is not considered in conventional CLI framework. Also, measurement and report should be discussed together, not separately. Since RIM is based on measuring a reference signal in consideration of gNB to gNB, DU to DU CLI can be managed by applying it. Therefore, RIM should be the starting point for discussion for DU-DU measurement and report.
Proposal 6: RIM can be the starting point for discussion of DU to DU CLI.

MT to MT CLI
For MT to MT CLI, an enhancement based on the Rel-16 CLI framework can be starting point. Expanding the contents of the CLI's information exchange can be considered. For this, the measurement RS configuration can be considered, however the result of measurement is a burden since exchanges of information should be done frequently. Another necessary extension is TDD configuration of CLI framework that it only considers the TDD configuration of the DFU structure, on the other hand, the IAB-MT considers the TDD configuration of the UFD structure. For multi-beam CLI measurement, it is necessary to discuss the exchange of CLI measurement for each SRS-RSRP beam. Additionally, further clarification on the specific Tx/Rx beam pair is required.
Proposal 7: Consider extending the TDD configuration of the UFD structure to the existing CLI for interference management between MTs and applying it to the IAB-MT.

Wide area IAB MT transmission on DL access slot
In RAN1#104-e, there was an argument to limit the transmission of the DL access slot of the wide area IAB MT. We agree the basic idea due to the RAN4 requirement, however it was not agreeable to some companies since it was not necessary to limit it in RAN1 perspective. As a simple method to solve this, limiting transmit power according to the resource type can be considered. That is, the maximum transmission power is defined to the resource types, for example, the DL access slot. Based on this, some of the wide area IAB MT which is capable of reducing the transmission power and the local area IAB MT will be able to transmit in the DL access slot, on the other hand, wide area IAB MT without capability of reducing transmission power will not transmit.
Proposal 8: Consider limitation of the transmit power according to the resource of the IAB node.

Power control
PHR for uplink power control of IAB node with simultaneous operation
In the existing UL power control including PHR, the UE cannot select or indicate the desired transmission power level. There are three types of PHR, as follows: Type 1 (PUSCH only), type 2 (PUSCH and PUCCH) and type 3 (SRS). In the end, all PHRs are basically difference between Pcmax and UE configured power, where both of Pcmax and UE configured power cannot be determined by UE but is configured by gNB, so assistance information, for example desired uplink transmission power cannot be delivered to gNB. Assuming reusing PHR despite of those, which is not desirable, significant enhancement is required. Candidate solutions are 1) changing Pcmax or 2) changing UE configured power or 3) changing definition of PHR. For all methods, the function of the existing PHR is lost which is critical to legacy UEs and eventually it becomes the form of new assistance information. Therefore, this is not desirable.
Proposal 9: It is not desirable to enhance PHR for uplink power control of IAB.

Uplink power control with assistance information
MT-Tx/DU-Tx case
Considering the MT and DU are implemented in the same panel, power shortage may occur. Or, without considering same panel, the output power of IAB can be limited due to regulation. In such a case, there are signals that are expected not to change transmission power, such as SSB and CSI-RS in the downlink. To protect them, it is necessary to lower the transmission power of uplink or not to transmit uplink. If the uplink power is lowered without indicating in this situation, parent IAB DU is likely to misunderstand that the IAB node’s channel quality is low. To resolve this ambiguity, assistance information to lower the uplink transmission power is needed.

MT-Tx/DU-Rx case
In the case of the same panel, the self-interference may affect the DU Rx of the IAB node, and even if the panel is not the same, it may be so if the isolation is insufficient. In all cases, the parent IAB is impossible to be aware of this situation, so if the IAB node lowers the transmission power of the MT Tx for its DU Rx without an indication to the parent, misunderstanding of the parent IAB node can occur which is the same as in the case of MT-Tx/DU-Tx. To resolve this, assistance information is required.
Proposal 10: Assistance information of IAB node is needed for uplink power control.

Downlink power control with assistance information
MT-Rx/DU-Rx case
Depending on the implementation, the IAB node needs to limit the difference of reception power level from parent IAB and child IAB within a specific range for stability of AGC operation, prevention of quantization distortion, and guarantee of linearity of the amplifier. In this case, it may be difficult to perform only with uplink power control with assistance information since it is likely that the maximum allowed transmission power of the uplink is lower than the maximum allowed transmission power of the downlink. Therefore the reception power from the parent IAB DU would be higher than the reception power from the child IAB MT while transmitting with the maximum transmission power. In that case, it should be requested to lower the downlink power, that is, the assistance information for downlink is needed.

MT-Rx/DU-Tx case
In the downlink, there are signals that are expected not to change transmission power, such as SSB and CSI-RS. Considering that, IAB DU transmission may cause self-interference with ignorable power level in MT reception, however power control of IAB DU is impossible. In that sense, the power level of the signal received from the parent needs to be boosted. Therefore, assistance information to boost or lower the downlink power is required, and it should be shared with the parent IAB node, not CU since it is hard to be configured instantaneously. As one of the alternatives, allowing the parent IAB to configure CSI-RS resources with different power offsets and the child IAB to report the preferred CSI-RS resource can be considered for downlink power control with assistance information.
Proposal 11: Assistance information of IAB node for downlink power control is needed. As a candidate solution, configuring CSI-RS resources with different power offsets can be considered.

CU indicating information to assist power control
As stated in previous section, uplink and downlink power control based on assistance information is required, however since it does not mandate any specific operation, it is more of a purpose of eliminating ambiguity rather than expecting power control, that is, there is possibility that ambiguity is remained. In order to reduce the probability of such ambiguity occurring, CU configuring maximum allowed power can be considered. That is, by changing the maximum transmission power of time resource according to the the simultaneous operation, the reception degradation of MT and DU due to transmission power shortage, reception power imbalance and self-interference can be prevented in advance
Proposal 12: Consider CU configuring maximum allowed power according to time resource.

Conclusion
In this contribution, we discuss on specification of other enhancements for simultaneous operation of IAB-node’s child and parent links. From the discussion, we obtained following proposals.

Proposal 1: For Case 7 timing, legacy TA mechanism without TA offset should be applied.
Proposal 2: For Case 6 timing, IAB MT Tx timing configured by an offset to the TA from the parent IAB or adjusting it by its own DU DL Tx timing should be adopted.
Proposal 3: The association of timing modes and time resource of an IAB node for switching among timing modes should be adopted.
Proposal 4: In the case of MT-Rx/DU-Tx, framework for CLI report or CSI-report can be used for the self-interference measurement and reporting. Also, if needed, enhancement of CLI measurement/reporting or CSI-reporting can be adopted.
Proposal 5: In case of MT-Tx/DU-Rx, exclusively assigned time/frequency resource between MT (self-interference) and child MT (desired signal) should be assigned.
Proposal 6: RIM can be the starting point for discussion of DU to DU CLI.
Proposal 7: Consider extending the TDD configuration of the UFD structure to the existing CLI for interference management between MTs and applying it to the IAB-MT.
Proposal 8: Consider limitation of the transmit power according to the resource of the IAB node.
Proposal 9: It is not desirable to enhance PHR for uplink power control of IAB.
Proposal 10: Assistance information of IAB node is needed for uplink power control.
Proposal 11: Assistance information of IAB node for downlink power control is needed. As a candidate solution, configuring CSI-RS resources with different power offsets can be considered.
Proposal 12: Consider CU configuring maximum allowed power according to time resource.

Reference
[1] RAN1 chairman’s notes, RAN1 #104-e, e-Meeting, January 25th – February 5th, 2021

Agreement in RAN1#104-e meeting
	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
· 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
FFS: indicating applicable beams in DL or beams in UL for a given multiplexing mode.
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