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 In RAN1 #103-e, the following agreements for IAB enhancement was achieved [1]:
	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
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
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.
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.)
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.


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
Remaining issue of Case 6 timing
An IAB node can choose different methods to achieve DL-Tx timing synchronization, such as use GNSS as synchronization source, or use OTA timing mechanism specified in Rel-16. It was agreed in RAN1 #98bis that an IAB node with multiple parents will treat each parent as a separate synchronization source, and it is up to implementation how an IAB node determines its DL-Tx timing. For an IAB node, no matter which way is selected to determine its DU DL-TX timing, Case 6 timing should be supported. 
Observation 1: Case 6 timing should be supported regardless of how the IAB node determine its DU DL-TX timing.
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 is using 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 is for spectral efficiency enhancement. An IAB node still requires the legacy UL Tx timing for TDM operation. In case of SDM operation, the IAB-MT can switch to Case 6 timing. The conditions to initiate the switching between TDM and SDM operation is up to implementation, e.g. when there is a large amount of data buffered at MT and/or there is need for more BH UL transmission. Dynamic switching between legacy UL Tx timing and Case 6 timing is required for better scheduling flexibility. On the other hand, there will be a strong restriction to the scheduler if Case 6 timing has to be applied in a semi-static manner.
In summary, a dynamic switching between legacy UL Tx timing and Case 6 timing should be supported. When legacy TA for UL transmission timing is maintained, it can be used to derive/enable OTA timing. 
Proposal 1: Dynamic switching between legacy UL Tx timing and Case 6 timing should be supported.
Proposal 2: 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. 
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 3: 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
The uplink reception timing of IAB node DU is ahead of the downlink transmission timing of DU by Tg, and the downlink reception timing of IAB node MT is behind of the downlink transmission timing of DU by Tp, where Tp is the propagation delay of the parent backhaul link. Therefore, the uplink reception timing of IAB node DU is ahead of the downlink reception timing of IAB node MT by Tg+Tp.
Alternative 1: Slot level alignment
Slot-level alignment can be achieved by letting Tg+Tp=0. Therefore, a straightforward solution is to adopt an effective negative TA. However, if child node’s MT delays its Tx timing to achieve slot alignment, the last symbol(s) of this slot will be overlapping with the first symbol(s) in the next slot. In this case, the last symbol(s) needs to be punctured as shown in Figure 1. If the last symbol(s) of this slot were punctured, PUCCH and SRS transmission may be impacted.
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Figure 1: Impact of slot level alignment for Case #7 timing
Observation 2: To achieve slot level alignment of MT and DU, negative TA is required to be supported at IAB MT which leads to symbol puncturing and impact PUCCH/SRS transmission.
Alternative 2: Symbol level alignment
As another alternative, symbol-level alignment can be considered. To be specific, the IAB node can let Tg+Tp=Td to achieve Rx timing alignment, where Td is the symbol duration. From IAB-DU perspective, it can be observed from Figure 3 that there is an offset between Case 7 with symbol level alignment and the traditional uplink reception, i.e. Td-TA. Therefore, Case 7 timing with symbol alignment can be treated as a special case of Case 1 timing. This can be utilized to determine the Case 7 timing as discussed below.
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Figure 2: Case 7 timing for reception timing alignment by symbol level alignment
Proposal 4: Symbol level alignment should be supported for Case 7 timing.
In RAN1#102-e, whether Case 7 timing can be applied to multiplexing scenario Case 4 (MT-TX/DU-RX) was FFS. To mitigate the self-interference, it is beneficial if the interference signal and desired signal can arrive at receiver in a synchronized manner. By applying timing adjustment at the full duplex transmission occasion and make the interference signal and desired signal arriving at the same time, the interference cancelation can be easier. Since Case 7 timing is based on adjustment of child node’s MT Tx timing, it be applied to MT-TX/DU-RX case in a similar manner.
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Figure 3: Timing alignment for SI and UL arriving signal for MT-TX/DU-RX
Proposal 5: Case 7 timing is supported to enhance self-interference cancelation for multiplexing scenario Case 4.
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.
Proposal 6: Case 7 timing can be achieved based on existing TA framework, i.e. existing TA for legacy UL Tx timing plus an offset.
Power control enhancements
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 4: The transmission power gap between MT and DU in SDM/FDM mode
One possible solution was mentioned in the last meeting, i.e. assistance information can be provided by child node for UL power control of IAB MT. It should be clarified how this assistance information impacts on legacy power control. Basically, this assistance information should be indicated to parent node from child node MT for informing a desired MT UL Tx power. Firstly, the assistance information should not be mandatory for parent node DU to determine the power control parameters. Secondly, the assistance information should be able to reflect MT’s desired Tx power. In other words, by receiving the assistance information, parent node DU may adjust power control parameters to allow the MT to adapt to its desired Tx power. Last but not least, since the power control parameters based on assistance information is targeting at the SDM scenarios, a different power control parameters may be used for TDM operation. The coexistence mechanism among different power control parameters for different transmission scenarios should be considered. 
Proposal 7: For UL power control, the assistance information should not mandate the parent node behavior but can rather provide the information of desired Tx power for the IAB-MT. 
Proposal 8: Coexistence of different power control mechanisms 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. For example, the backhaul link usually has a higher reception power because of the well planned deployment and higher transmission power of parent DU; therefore, the backhaul link may has much higher reception power than access link, such gap may cause performance degradation. 
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Figure 5: The transmission power gap between MT and DU in SDM/FDM mode
As mentioned in the agreement, the constraint at the network side should be considered in regard to transmitted reference signals with constant power, especially for broadcast channel and reference signals. Considering the coverage requirement, the demodulation performance for the UE which located at cell edge should also be guaranteed. Therefore, DU TX power cannot be changed in many cases. Typically, gNB transmission power is determined considering networking planning, coverage and power consumption, etc. In summary, the power control on DU should be left to network implementation, potential enhancements shall not set any restrictions on DU Tx power.
Proposal 9: Any power control mechanism or assistance information should not set any restrictions for DU to determine its DL Tx power.
CLI management
Inter-IAB interference scenario
There are four typical IAB interference scenarios, including interference from MT to DU, from DU to MT, from MT to MT and from DU to DU as shown in Figure 6. 
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      Case 1:  CLI from MT to MT                Case2: CLI from DU to MT
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Case 3: CLI from MT to DU                 Case 4: CLI from DU to DU
Figure 6: Inter-multiplexing chain interference illustration
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 (as shown Case 1 in Figure 6), 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. For the CLI from DU to MT (as shown Case2 in Figure 6), similar to the legacy framework, the interference can be measured by downlink reference, i.e. SSB and CSI-RS.  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. 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 3: 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 (Case 2), the interference source of CLI from MT to MT (Case 1) 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 (Case 3), 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 (Case 4), victim IAB node can measure the interference by its MT with the same RX beam of its co-located DU. 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 10:  A unified CLI measurement framework based on interference measurement from DU to MT can be adopted in IAB:
· 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.
Intra-IAB interference scenario
In addition to the inter-IAB-node scenarios discussed above, some enhancements can be considered for intra-IAB scenarios. Self-interference is the key issue which cause performance degradation. For example, MT UL Tx signal may interfere the co-located DU Rx for multiplexing scenario Case 4. Hardware isolation may not be sufficient and some enhancements may be required in specification. For example, in a typical implementation of self-interference cancelation, the receiver needs to perform self-interference channel estimation based on DMRS. An IAB-MT may be allocated any DMRS port for a transmission/reception.  Hence, both the full-duplex and SDM may suffer from the interference if DMRS port between the MT and DU are not orthogonal. To improve the performance of channel estimation, it is favorable to ensure that the DMRS ports of co-located MT/DU are orthogonal in spatial and/or time/frequency domain.
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Figure 7: An example of orthogonal DMRS pattern of MT and DU
Proposal 11: To mitigate the intra-IAB interference, some coordination between IAB node and its parent node are needed so that the DMRS ports of co-located MT/DU are orthogonal.
Conclusions
In this paper, we observe and propose:
Observation 1: Case 6 timing should be supported regardless of how the IAB node determine its DU DL-TX timing.
Observation 2: To achieve slot level alignment of MT and DU, negative TA is required to be supported at IAB MT which leads to symbol puncturing and impact PUCCH/SRS transmission.
Observation 3: To deal with IAB interference scenarios case by case may be complicated and require lots of specification efforts.

Proposal 1: Dynamic switching between legacy UL Tx timing and Case 6 timing should be supported.
Proposal 2: There is no need to enhance OTA timing synchronization mechanism in order to enable Case 6 timing.
Proposal 3: To achieve Case 6 timing, IAB MT can determine its Tx timing by referring to co-located DU Tx timing.
Proposal 4: Symbol level alignment should be supported for Case 7 timing.
Proposal 5: Case 7 timing is supported to enhance self-interference cancelation for multiplexing scenario Case 4.
Proposal 6: Case 7 timing can be achieved based on existing TA framework, i.e. existing TA for legacy UL Tx timing plus an offset.
Proposal 7: For UL power control, the assistance information should not mandate the parent node behavior but can rather provide the information of desired Tx power for the IAB-MT. 
Proposal 8: Coexistence of different power control mechanisms should be supported.
Proposal 9: Any power control mechanism or assistance information should not set any restrictions for DU to determine its DL Tx power.
Proposal 10:  A unified CLI measurement framework based on interference measurement from DU to MT can be adopted in IAB:
· 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.
Proposal 11: To mitigate the intra-IAB interference, some coordination between IAB node and its parent node are needed so that the DMRS ports of co-located MT/DU are orthogonal.
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