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This contribution focuses on the enhancements for simultaneous operation of DU and MT including: the remaining issues of timing alignment, potential power control enhancements and CLI management.
[bookmark: _Ref129681832]Timing alignment enhancement
In RAN1 #104-e, the following agreements for IAB enhancement on timing was achieved:
	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



Remaining issue of Case 6 timing
There are multiple ways to obtain DL time synchronization for an IAB DU, such as using GNSS as synchronization source, or based on OTA timing mechanism specified in Rel-16. It was further agreed in RAN1#98bis that an IAB node with multiple parents treats each parent as a separate synchronization source, and it is up to implementation how an IAB node determines its DL-Tx timing from multiple tentative DL-Tx timing. In RAN1#102-e, it was confirmed that Case 6 timing is supported in Rel-17 for IAB-nodes operating in multiplexing scenario Case 1 (simultaneous MT-Tx/DU-Tx). For an IAB node, no matter which synchronization scheme is applied to determine its DU DL-TX timing, Case 6 timing can be supported. In other words, the support of Case 6 timing is irrelevant to how IAB node derives its DL-TX timing.
Proposal 1: There is no need to enhance OTA timing synchronization mechanism in order to enable Case 6 timing.
It was agreed that Case 6 timing mode operation at an IAB-node is controlled by the parent node to which the UL transmission is intended for. However, how to achieve this control is still not clear. There are two options for parent node to enable Case 6 timing mode at the IAB node:
Option 1: Enabling Case 6 timing based on TA
One possible solution is that IAB MT maintains an additional TA dedicated for Case 6 timing. In this case, an IAB MT should determine its Tx timing based on the specific TA command indicated by parent node for Case 6 timing. The IAB MT has to maintain two different timing advanced loops. TA command carried by MAC CE is sent over the air for Case 6 timing in addition to the TA command for legacy UL Tx timing. Another potential solution based on TA is that IAB MT maintains legacy TA, applies an offset upon it to make MT UL Tx timing aligned to DU DL Tx timing. However, either extra TA loop or TA plus offset cannot guarantee the transmission timing at IAB MT aligned to DU Tx timing. For example, a parent node determining its DU DL Tx timing by Rel-16 OTA mechanism, while its child node implemented with GNSS. In such case, the TA based Case 6 timing may not perfectly align to DU Tx timing, and it may lead to performance degradation.
Observation 1: Enabling Case 6 timing based on TA cannot precisely align Tx timing between MT and DU, and it may lead to performance loss.
Option 2: Enabling Case 6 timing by referring to the co-located DU-TX timing
To operate Case 6 timing, IAB-MT sets its Tx timing to align with co-located DU Tx timing. Considering that IAB-DU Tx timing is known at IAB, IAB-MT can simply set its Tx timing by taking the DU Tx timing as the reference. 
For option 1, additional complexity is introduced for IAB to maintain two TA loops, i.e. mechanism should be provided for child node MT to differentiate original and new introduced TA command. Moreover, considering that the DU DL Tx timing across IAB nodes may not be perfectly aligned, mechanism is required for parent node to determine TA value to be sent for Case 6 timing. Furthermore, when an IAB node has more than one synchronization sources, since it is up to implementation that how IAB node determine its DU DL Tx timing, in this case it is more difficult to achieve Tx timing alignment between MT and DU. Therefore, option 2 is more preferred which allows IAB MT determining MT-TX timing refer to co-located DU-TX timing.
Proposal 2: To achieve Case 6 timing, IAB MT can determine its Tx timing by referring to co-located DU Tx timing.

Remaining issue of Case 7 timing
On the determination of Case 7 timing, two possible options are discussed as follows:
Option 1: Multi-TAs indicated and maintained at IAB MT for timing modes.
Similar to the option 1 of Case 6 timing, a straightforward solution is to maintain two TA values at IAB MT. When parent node is operating in TDM mode, the child node MT uses the TA based on existing mechanism as other UEs. When parent node expects simultaneous reception, another TA can be signaled to child node MT. Hence, two TA values should be indicated separately and maintained simultaneously at IAB MT. This increases implementation complexity and would requiring extra TA signaling. 
Option 2: Only one TA (for legacy UL Tx timing) plus an offset.
Comparing to Option 1 which requires IAB MT maintaining two TAs, Case 7 timing can also be achieved by one TA (as for legacy UL Tx timing) plus an offset. When IAB node is operating with TDM mode, IAB MT obtain TA by existing mechanism like a normal UE. When IAB node decides to enable simultaneous reception, an offset can be indicated to child node to adjust its Tx timing. In this solution, the offset apply to TA should be determined and indicated over the air. IAB MT only needs to maintain one TA value. Considering the offset between Case 1 TA and Case 7 TA is fixed, then one TA for Case 1 maintained by IAB is enough.
Proposal 3: Case 7 timing can be achieved based on existing TA framework, i.e. existing TA for legacy UL Tx timing plus an offset.
Relationship between timing modes
During the initial setup of an IAB node, IAB-MT would need to acquire its UL Tx timing as a normal UE. At this stage, IAB-MT uses the legacy UL Tx timing. In addition, it is preferred that the legacy UL Tx timing can be maintained by the IAB-MT so that it can be co-scheduled with other Rel-15 UEs. Note that the main motivation to support simultaneous MT-Tx/DU-Tx and MT-Rx/DU-Rx is for spectral efficiency enhancement. In case of SDM operation, the IAB-MT can switch to either Case 6 or Case 7 timing. The conditions to initiate the switching between TDM and SDM operation is up to implementation. Dynamic switching between legacy UL Tx timing and Case 6/7 timing is required for better scheduling flexibility. For example, when the IAB node and UEs are multiplexing scheduled by parent node, Case 1 timing can be used. However, if only the IAB node is scheduled, then enhance timing mode may be utilized.
Proposal 4: Dynamic switching between legacy UL Tx timing and Case 6/7 timing should be supported, and the condition of enabling timing mode can be up to implementation.

Power control enhancements
In RAN1 #104-e, the following agreements for IAB enhancement on power control was achieved:
	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 behaviour 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


UL power control 
When the MT and DU of an IAB node are transmitting simultaneously, the power gap between the MT signal and DU signal cannot be too large, otherwise the transmitting quality of weaker signal cannot be guaranteed. For example, when the MT and DU signals are FDM, the out-of-band emission of the stronger signal may degrade the EVM of the weaker signal dramatically as shown in Figure 4. To reduce the power gap, the uplink power control of MT can be enhanced.
[image: ] 
Figure 1: The transmission power gap between MT and DU in SDM/FDM mode
One possible solution mentioned in the previous meeting is legacy UL power control mechanism including power headroom report (PHR). Legacy UL power control mechanism is mainly used by network to adjust UE transmission power. Of course this mechanism should be supported in the context of IAB. However, this mechanism only allows parent node to control child node UL Tx power but parent node has no idea of child node desired Tx power in order to support simultaneous transmission. On the other hand, PHR was used by the UE to report its UL power headroom, with this reporting, network can use it for UL scheduling, e.g., the network can determine whether it is possible to further increase UE transmission power for better coverage. However, the PHR has nothing to do with the adjustment of the transmission power. In order to support simultaneous transmission at an IAB node, when the IAB node MT intends to raise its transmission power to match co-located DU transmission power, the current PHR mechanism will not work. 
Observation 2: Legacy UL power control mechanism (including PHR) is not able to indicate desired power of IAB MT for enhanced multiplexing mode.
To support the enhanced multiplexing mode, some assistance information can be indicated to parent node from child node MT to inform a desired MT UL Tx power. In other words, upon receiving the assistance information, the parent node DU may adjust power control parameters to allow the MT to adapt to its desired Tx power. Since the power control parameters based on assistance information is targeting the SDM scenarios, a different power control parameters may be used for TDM operation. The dynamic switching between different power control parameters corresponding to different operation mode should be supported. 
Proposal 5: The desired IAB-MT Tx power for simultaneous MT-Tx/DU-Tx can be provided to the parent node. 
Proposal 6: The dynamic switching between different power control parameters for different operation modes should be supported 
DL power control
For the case of simultaneous reception of MT and DU, the reception power gap between two links should not be too large, otherwise the IAB node may not be able to detect the weaker signal. As a potential solution, a mechanism that support indicating information to assist with the DL power control by an IAB node was agreed in previous meeting. 
For the type of assistance information, several solutions were proposed including desired received power, power adjustment, and preferred CSI-RS resource. The received power of a reference signal can be acquired by IAB MT from measurement. However, in current specification, reported RSRP may be filtered, in detail, L3-RSRP is derived based on multiple L1 measurement results and some configured filtering coefficients. On the other hand, L1-RSRP is impacted by the channel fading. Hence the received power may be dynamic leading to the desired received power cannot assist the DL power control well. For the preferred CSI-RS resources solution, it may also depends on the measurement results provided by IAB MT. Due to the same reason that measurement results fluctuating, it cannot precisely present the desired receiving power.
Observation 3: Neither desired received power of a reference signal nor preferred CSI-RS resource are suitable as assistance information for DL power control.
Since the information is used to assist with the DL power control of its parent-node, so this information should at least to be provided to parent node DU. The motivation on providing this information to CU is not clear. Another issue discussed in previous meeting is the applicability of the assistance information. A beam, may also refer to TX/RX spatial filter, should be decouple with multiplexing mode, i.e. TDM and enhanced multiplexing mode may share the same beam. Hence applicability of the assistance information should not correspond to a beam. 
Proposal 7: The assistance information for DL power control is only provided to the parent-node, and applicability of the assistance information should not correspond to a beam.
CLI management
In RAN1 #104-e, the following agreements for IAB enhancement on IAB CLI was achieved:
	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.



Framework of IAB CLI
The interference from MT to MT and from DU to DU are typically in SDM operation. The interference from MT to DU and from DU to MT are similar to the inter-cell interference between UE and BS. For the CLI from MT to MT, one possible solution for interference measurement is to reuse SRS-based UE-UE interference management mechanism introduced in Rel-16, i.e. victim IAB MT can measure the SRS transmitted by other MT. Meanwhile for CLI from MT to DU and CLI from DU to DU, it may require to specify DU measurement and reporting behavior according to an UL/DL signal for potential CLI management enhancements. For the CLI from DU to MT, similar to the legacy framework, the interference can be measured by downlink reference, i.e. SSB and CSI-RS. 
Considering various interference scenarios, the interference source could be MT and DU, and the interference measurement may base on both UL and DL signals. It may be complicated and require huge specification efforts to design case-specific solution for each interference scenario.
Observation 4: To deal with IAB interference scenarios case by case may be complicated and require lots of specification efforts.
Compare to the CLI from DU to MT, the interference source of CLI from MT to MT  is MT. Considering the CLI measurement accuracy, the interference source MT may need to adjust its Tx timing. Coordination is required to determine this timing adjustment and Tx timing adjustment on IAB MT may have an impact on parent node scheduling.  The interference signal for measurement can be transmitted by co-located DU with the same transmission beam. By using the same TX beam, the effect of CLI from MT to MT can also be measured by DL reference signals. Since the signal is transmitted by DU, timing accuracy is guaranteed. Similar as the CLI from MT to DU, the interference signal from MT can be replaced by DL signal transmitted by co-located DU with the same TX beam. Also the measurement can be performed by co-located MT at victim node using the same RX beam. For the CLI from DU to DU, victim IAB node can measure the interference by its MT with the same RX beam of its co-located DU. 
Proposal 8: For the IAB DU-to-DU CLI measurement and report, support option 1.3/2.3, i.e. enhanced MT-based measurement/report.
It is clear that if mechanisms can be introduced to coordinate and configure the TX/RX beam for CLI, all interference scenarios in IAB can be unified.
Proposal 9:  For all IAB CLI scenarios, a unified CLI measurement framework based on interference measurement from DU to MT can be adopted:
· For MT to DU and MT to MT: transmit DL reference signal at interference source DU with the same TX beam as co-located MT;
· For MT to DU and DU to DU: measure DL reference signal at victim node MT with the same RX beam as co-located DU.
Conclusions
In this paper, we observe and propose:
Observation 1: Enabling Case 6 timing based on TA cannot precisely align Tx timing between MT and DU, and it may lead to performance loss.
Observation 2: Legacy UL power control mechanism (including PHR) is not able to indicate desired power of IAB MT for enhanced multiplexing mode.
Observation 3: Neither desired received power of a reference signal nor preferred CSI-RS resource are suitable as assistance information for DL power control.
Observation 4: To deal with IAB interference scenarios case by case may be complicated and require lots of specification efforts.
Proposal 1: There is no need to enhance OTA timing synchronization mechanism in order to enable Case 6 timing.
Proposal 2: To achieve Case 6 timing, IAB MT can determine its Tx timing by referring to co-located DU Tx timing.
Proposal 3: Case 7 timing can be achieved based on existing TA framework, i.e. existing TA for legacy UL Tx timing plus an offset.
Proposal 4: Dynamic switching between legacy UL Tx timing and Case 6/7 timing should be supported, and the condition of enabling timing mode can be up to implementation.
Proposal 5: The desired IAB-MT Tx power for simultaneous MT-Tx/DU-Tx can be provided to the parent node. 
Proposal 6: The dynamic switching between different power control parameters for different operation modes should be supported 
Proposal 7: The assistance information for DL power control is only provided to the parent-node, and applicability of the assistance information should not correspond to a beam.
Proposal 8: For the IAB DU-to-DU CLI measurement and report, support option 1.3/2.3, i.e. enhanced MT-based measurement/report.
Proposal 9:  For all IAB CLI scenarios, a unified CLI measurement framework based on interference measurement from DU to MT can be adopted:
· For MT to DU and MT to MT: transmit DL reference signal at interference source DU with the same TX beam as co-located MT;
· For MT to DU and DU to DU: measure DL reference signal at victim node MT with the same RX beam as co-located DU.
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