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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
New WID on Enhancements to Integrated Access and Backhaul has been approved as following [1]. 
	Duplexing enhancements [RAN1-led, RAN2, RAN3, RAN4]:
· Specification of enhancements to the resource multiplexing between child and parent links of an IAB node, including:
· [bookmark: _Hlk26193173]Support of simultaneous operation (transmission and/or reception) of IAB-node’s child and parent links (i.e., MT Tx/DU Tx, MT Tx/DU Rx, MT Rx/DU Tx, MT Rx/DU Rx).
· Support for dual-connectivity scenarios defined by RAN2/RAN3 in the context of topology redundancy for improved robustness and load balancing.
· Specification of IAB-node timing mode(s), extensions for DL/UL power control, and CLI and interference measurements of BH links, as needed, to support simultaneous operation (transmission and/or reception) by IAB-node’s child and parent links.


In this contribution, we provide our view on IAB-node timing mode(s), power control and interference management to support simultaneous transmission and/or reception by child and parent links.
2. Discussion
2.1. Timing mode
In the previous RAN1 emeeting, the following were agreed.
	[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)
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
Case 6 timing mode operation at an IAB-node is controlled by the parent node to which the UL transmission is intended for.

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
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


In Rel-16, it was specified a mechanism to fulfill Case 1 timing, where the timing of DU DL is derived from TA and T_delta. TA is the parameter defined for MT UL timing advance adjustment, and T_delta is signaled for adjustment of DU DL timing. In our opinion, the derivation of DU DL timing of Case 6 and Case 7 timing mode can reuse the Rel-16 OTA synchronization mechanism, assuming that the legacy TA and T_delta would always be signaled to IAB node even when Case 6 or Case 7 timing mode is enabled. 
[bookmark: _Ref61859829]Proposal 1: The derivation of DU DL TX timing of Case 6 and Case 7 timing mode is based on Rel-16 OTA synchronization mechanism.
In Case 6 timing mode, the transmission timing of MT (i.e., MT UL timing) should be aligned with the transmission timing of DU (i.e., DU DL timing). This means that the IAB-MT can ignore the UL timing according to Rel-16 TA adjustment mechanism when Case 6 timing is applied. In this case, the DU DL timing can reuse the Rel-16 OTA synchronization mechanism, meanwhile the MT UL timing can align with the DU DL timing of the IAB node. According to the above, the signaling defined in Rel-16 is enough and no additional signaling is needed. Besides, for the parent node, it should simultaneously maintain multiple UL reception timing if it has been configured with multiple timing modes with one or several IAB child nodes. Therefore, we have the following proposal.
[bookmark: _Ref61859836]Proposal 2: In Case 6 timing mode, IAB node should set its MT TX timing in alignment with the collocated DU TX timing. 
In Case 7 timing mode, the reception timing of DU (i.e., DU Rx timing) should be aligned with the reception timing of MT (i.e., MT Rx timing). In our opinion, the slot-level alignment is beneficial for interference reduction in the system. The main concern for the slot level alignment is negative TA indication to the child BH or access link. However, as discussed in the previous meeting, an offset can also be indicated to IAB node in Case 7 timing mode to achieve slot level alignment.
[bookmark: _Ref61859822]Observation 1: In case 7 timing mode, slot level alignment is beneficial for interference reduction and can be supported from RAN1 perspective.
2.2. [bookmark: _Ref47689107]Power control
	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.


The scenarios of power control enhancement have been discussed at the RAN1#102-e e-meeting, including simultaneous MT Tx/DU Tx, MT Tx/DU Rx, MT Rx/DU Tx, and MT Rx/DU Rx. In this section, simultaneous MT Tx/DU Tx,and MT Rx/DU Rx will be discussed, for which the power control mechanism can address PSD imbalance and power sharing issues between DU and MT. 
Simultaneous MT Rx/DU Rx  
If DU and MT share the same RF chain, the receiver PSD difference between DU Rx and MT Rx may cause severe problem, the AGC setting will be based on the high PSD of DL backhaul signal, while PSD of UL access link is far below the level of the AGC setting, thus incurring truncation loss of UL access signal.
In order to avoid the PSD imbalance issue in case of simultaneous reception of DU and MT, coordination of the transmission between UL access signal and DL backhaul signal should be considered based on assistance information as agreed at the RAN1#103e e-meeting. There would two solutions for the power coordination, 1) IAB node measures the MT reception power, if the MT reception power and DU reception power have large PSD difference, IAB node feedback power adjustment information to parent node, thus parent node can adjust DL transmission power accordingly, i.e., closed loop DL power control; 2) IAB node obtain/estimate the DL reception power of parent node before scheduling the UL transmission, then IAB node address the PSD imbalance issue via legacy UL power control. For the comparison of the two solutions, solution 1 is preferred. In solution 2, transmission power of UL access signal is bounded by Pcmax, which may not be increased to a very high level to match the PSD of MT DL reception.
[bookmark: _Ref61859842]Proposal 3: For Rx PSD imbalance mitigation at IAB node, support IAB node to report the desired adjustment of DL transmission power of its parent node.
Simultaneous MT Tx/DU Tx  
In the case of simultaneous MT Tx and DU Tx, the PSD imbalance issue exists as well. Besides, the transmission power splitting between MT Tx and DU Tx should be taken into account, especially considering that DU and MT share the same PA, the total transmission power of IAB-node will be shared between DU and MT. 
Regarding the conceptual solution, to simplify the specification work, it is preferred to reuse the power sharing schemes specified in NR-DC as the starting point, e.g., the transmission power of DU and MT is coordinated via CU, and IAB node applies semi-static and dynamic power sharing scheme accordingly. Different from the NR-DC power sharing, where only the total transmission of two components are coordinated, the EPRE of DU and MT should also be coordinated to address the PSD imbalance issue.
[bookmark: _Ref61859845]Proposal 4: For the purpose of Tx PSD imbalance mitigation and transmission power sharing between DU and MT at IAB node, the total transmission power and EPRE split between DU and MT should be coordinated, e.g., via CU. 
· Power coordination schemes specified for NR-DC is taken as the starting point
Furthermore, dual connectivity scenario has been supported in Rel-16 for redundant route setup, thus MT can perform respective transmissions to MCG and SCG simultaneously in the meanwhile of collocated DU transmission. Therefore, power sharing among DU, MCG and SCG should be considered, which is further discussed in companion paper [3].
[bookmark: _Ref61859849]Proposal 5: Regarding transmission power sharing between DU and MT, RAN1 to study the interaction with the power sharing mechanism of NR-DC operation.
2.3. [bookmark: _GoBack]Interference management  
	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
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
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.


In RAN1#103e e-meeting, both inter-IAB interference and intra-IAB interference are for further studied. In the following, CLI management enhancement will be discussed for inter-IAB interference scenario, and self-interference measurement and report will be discussed for intra-IAB interference scenario.
[bookmark: _Ref47689064]CLI management enh.
In RAN1#103e e-meeting, it has been agreed to reuse Rel-16 CLI framework as starting point to handle IAB interference. In Rel-16, schemes to handle CLI have been specified, on one side, the intended TDD configurations are exchanged for the TDD configuration coordination between gNBs; one the other side, CLI measurement and report schemes were specified to handle the case where TDD configurations are not aligned. From RAN1 perspective, the interference measurement and reporting aspect should be focused, however, it is believed that the existing RSRP/RSSI based schemes specified in Rel-16 are sufficient. Moreover, for the exchange of resource configuration (e.g., at least including TDD configuration) between gNBs, high layer signaling is preferred. However, RAN1 can discuss whether additional resource configuration parameter(s) besides TDD configuration should be exchanged between IAB nodes or not. It is suggested to discuss the exchange of H/S/NA property between IAB nodes, because coordination of H/S/NA property between IAB nodes can efficiently avoid interference, e.g., if IAB node A suffers interference from IAB node B in a given slot, it can simply set ‘H’ to IAB node A and set ‘NA’ to IAB node B in the slot.
[bookmark: _Ref61859852]Proposal 6: For CLI mitigation, exchange of resource configuration between IAB nodes should be specified, including TDD configuration and/or resource type configuration. Related signaling is up to RAN3.
Self-interference 
Regarding self-interference of an IAB-node, both the MT-to-DU and DU-to-MT self-interference should be considered. For MT-to-DU self-interference as shown in Figure 3-a), since DU interference measurement can be controlled by IAB-node, it can be assumed that DU implementation will address the interference measurement of DU reception and control MT transmission power accordingly. Consequently, MT will determine UL transmission power based on MT-to-DU self-interference. For DU-to-MT self-interference as shown in Figure 3-b), when simultaneous DU Tx and MT Rx is enabled, DL access signal will interfere MT reception, the interference appear only when DU transmission has truly occurred. By reusing legacy interference measurement and report procedure, the IAB-MT will not distinguish whether there is actual DU transmission or not, thus only an average interference level can be reflected. In order that parent node can precisely acquire the DU-to-MT self-interference for more efficient scheduling, the DU-to-MT self-interference should be dedicated measured and reported.

[image: ]
Figure 2 Self-interference
[bookmark: _Ref61859855][bookmark: _Ref47689120]Proposal 7: In case simultaneous MT Rx/DU Tx or MT Rx/DU Rx is enabled, support measurement/report of DU-to-MT self-interference or UE/MT-to-MT interference respectively.
3. Conclusion
This contribution focus on IAB-node timing mode(s), power control and interference management to support simultaneous transmission and/or reception by child and parent links and the following are proposed,
Proposal 1: The derivation of DU DL TX timing of Case 6 and Case 7 timing mode is based on Rel-16 OTA synchronization mechanism.
Proposal 2: In Case 6 timing mode, IAB node should set its MT TX timing in alignment with the collocated DU TX timing. 
Proposal 3: For Rx PSD imbalance mitigation at IAB node, support IAB node to report the desired adjustment of DL transmission power of its parent node.
Observation 1: In case 7 timing mode, slot level alignment is beneficial for interference reduction and can be supported from RAN1 perspective.
Proposal 4: For the purpose of Tx PSD imbalance mitigation and transmission power sharing between DU and MT at IAB node, the total transmission power and EPRE split between DU and MT should be coordinated, e.g., via CU. 
· Power coordination schemes specified for NR-DC is taken as the starting point
Proposal 5: Regarding transmission power sharing between DU and MT, RAN1 to study the interaction with the power sharing mechanism of NR-DC operation.
Proposal 6: For CLI mitigation, exchange of resource configuration between IAB nodes should be specified, including TDD configuration and/or resource type configuration. Related signaling is up to RAN3.
Proposal 7: In case simultaneous MT Rx/DU Tx or MT Rx/DU Rx is enabled, support measurement/report of DU-to-MT self-interference or UE/MT-to-MT interference respectively.
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