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Introduction
In this contribution, we discuss on other enhancement for simultaneous operation including IAB-node timing modes, extensions for DL/UL power control, and CLI and interference measurements of BH links.

IAB-node timing modes
MT Tx timing for Case 6 timing mode
In RAN1#103-e meeting, 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. It was also agreed that an IAB-node can rely on an OTA timing synchronization mechanism to enable/maintain Case 6 timing mode [1]. Based on the agreements, we continue the discussion details on Case 6 timing mode.
For discussion and specification, it needs to be clarified following two approaches regarding on MT Tx timing alignment to DU Tx timing in Case 6 timing mode.
· Approach 1. MT Tx timing is adjusted by parent-DU using TA mechanism
· Approach 2. MT Tx timing is allowed to be adjusted autonomously by MT 
First approach for MT Tx timing adjustment is to use the legacy TA mechanism where TA value is controlled by parent-DU, i.e., MT Tx timing = DL Rx timing – . In this approach, it may assume that MT Tx timing can be aligned with DU Tx timing when MT follows the TA command from by parent-DU. However, in some cases (e.g., inaccurate TA value is indicated or MT Rx timing is changed.), it is hard to fulfil Tx timing alignment between MT and DU. 
In addition, we can consider autonomous TA adjustment by MT in order to guarantee MT Tx timing adjustment fully to parent-DU. In this approach, a MT can be permitted to adjust its Tx timing for alignment with DU Tx timing when MT Tx timing based on TA mechanism has some gap compared to DU Tx timing. If needed, MT behavior for autonomous Tx timing adjustment can be adopted.

Proposal 1: Clarify following two approaches regarding on MT Tx timing alignment to DU Tx timing in Case 6 timing mode.
· Approach 1. MT Tx timing is adjusted by parent-DU using TA mechanism
· Approach 2. MT Tx timing is allowed to be adjusted autonomously by MT 

DU Rx timing for Case 7 timing mode
Timing Alignment
In RAN1#103-e meeting, it was agreed to select one or both of the following modes of operation for Case 7 timing in RAN1#104-e [1]. 
· Symbol level alignment without slot level alignment
· Slot level alignment
In case of slot level alignment, slot boundary of DU Rx is aligned to MT Rx as illustrated in Figure 1.(a). Thus, UL Rx timing of DU can be allocated behind of DL Tx timing of DU. Since it makes different timing relationship between DL Tx and UL Rx compared to legacy DU, it would cause several impacts such as TA adjustment to its child MTs/access UEs or guard symbols for UL to DL switching.
On the other hand, if symbol level alignment without slot level alignment is applied, UL Rx timing of DU can be moved forward to be aligned to symbol boundary of MT Rx timing. An example is shown in Figure 1.(b). Then, UL Rx timing of DU can be always ahead of DL Tx timing, so timing alignment between MT Rx and DU Rx for Case 7 timing mode can be achieved without specification change.
Considering specification impact between two modes, symbol level alignment without slot level alignment seems appropriate way for Case 7 timing mode.

Proposal 2: Adopt symbol level alignment without slot level alignment between MT Rx and DU Rx timing for Case 7 timing mode.
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(a) Slot level alignment
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(b) Symbol level alignment without slot level alignment
Figure 1. DL Rx timing and UL Rx timing alignment in Case 7 timing mode

UL Rx timing of IAB-DU
In Case 7 timing mode for simultaneous Rx/Rx between MT and DU, Rx timing of DU can be determined by MT reception. Also, for supporting Case 6 timing mode of child IAB node, the Rx timing of DU can be determined by UL Tx timing of child MT. For example, when the DU would perform uplink reception from its child MT who applies UL Tx timing for Case 6 timing mode, the DU Rx timing to receive the uplink from the child MT would be different with Rx timing for Case 7. That is, if the two simultaneous operation modes (i.e., MT Rx/DU Rx, MT Tx/DU Tx) are permitted for IAB-node and child IAB-node, it is hard that the DU operates single Rx timing for operating Case 7 timing mode and for supporting Case 6 timing mode of child-MT. In this case, the DU would be necessary to switch its UL Rx timing for supporting the child MT with Case 6 timing mode. As a result, it needs that the DU has multiple Rx timings, and that different Rx timings are applied in TDM manner. Furthermore, since the availability of simultaneous Rx/Rx can be determined depending on the cases of timing mode for child MT, parent-DU should be aware of IAB-DU’s UL slot assignment and UL Rx timing information before the parent-DU assigns DL resource to IAB-MT for simultaneous Rx/Rx operation of the IAB node.

Proposal 3: It needs to be discussed whether and how DU can be operated with multiple UL Rx timings.

Interference
Inter-operator Interference 
There is a concern that the increment of inter-operator interference in the case of IAB-MT transmitting on the resource those for access uplink. Considering the nature of IAB-MT, it can be classified into wide area and local area depending on the deployment scenario. Depending on these type, IAB-MT has different coverage and dynamic range, and accordingly, it is necessary to consider the resources which is available for transmission of IAB-MT. Regarding this, summarized according to the type of IAB-MT is as follows.
· It could be hard for the wide area IAB-MT to transmit on the resource for access UL since its target coverage is large and dynamic range is small, but wide area IAB-MT can be used for access DL.
· It could be possible for the local area IAB-MT to transmit on the resources for both access DL and access UL since the coverage is small and dynamic range is relatively large.

Proposal 4: Consider the classification of resources that can be transmitted based on the type of IAB-MT, i.e., wide area IAB-MT and local area IAB-MT.

Cross Link Interference for simultaneous operation
Two types of cross link interference (i.e., MT to MT, DU to DU) should be managed for supporting dynamic change of TDD configuration and simultaneous operation.

MT to MT Interference
For management of MT to MT interference, Rel-16 CLI framework can be applied. One considerable point it, the extension of U/D configuration taking into account eIAB specific TDD configuration (i.e., U/F/D) is needed.

DU to DU Interference
The Rel-16 RIM framework is target for the interference management between gNBs, which is based on the measurement of reference signals between them, therefore can be directly applied to DU to DU CLI management.

Proposal 5: For MT to MT interference management, Rel-16 CLI framework can be applied and be modified.  
Proposal 6: For DU to DU interference management, Rel-16 RIM can be reused. 

Self-Interference measurement for simultaneous operation
In simultaneous operation (i.e., MT-Rx/DU-Tx and MT-Tx/DU-Rx), IAB node roles as aggressor and victim at the same time. So, reduction methods of Self-Interference (e.g., DL or UL power control, antenna/panel separation, beam/resource coordination, SI reduction receiver, etc.) should be applied for simultaneous operation. In addition to the SI reduction methods, SI monitoring and control should be performed for SI management. For example, even under the global power control performed by CU for simultaneous operation, it is hard to perform all instantaneous corrections in local manner. If there is unexpected residual SI (e.g., MT to DU, DU to MT), it could be harm to victim which cannot be handled. Therefore, it seems that SI measurement is very essential feature for the simultaneous operation (i.e., MT-Rx/DU-Tx and MT-Tx/DU-Rx).
For SI measurement and reporting, existing mechanism can be adopted. 
· CLI measurement and reporting framework in MT-Tx/DU-Rx case
· CSI reporting framework in MT-Rx/DU-Tx case
In MT-Tx/DU-Rx case, transmitted signal/channel by MT becomes an interference to DU, and the measured interference can be reported by MT to parent DU for UL power control of MT. In this aspect, CLI measurement and reporting framework can be applied for MT-Tx/DU-Rx case. 
In MT-Rx/DU-Tx case, transmitted signal/channel by DU becomes an interference to MT, and the measured interference can be reported by MT to parent DU for DL power control of parent DU. In this aspect, CSI reporting framework can be applied for MT-Rx/DU-Tx case. Especially, ZP-CSI-RS can be used for SI measurement, and the measured interference can be reflected to SINR calculation. 

Proposal 7: SI measurement should be performed by IAB-node for simultaneous operation. Existing mechanism (i.e., CLI-RSSI and SRS-RSRP measurement/reporting for DU to MT SI, and CSI measurement/reporting for MT to DU SI) can be adopted for SI measurement and reporting.

Power control
Since CU has the information which is necessary to control DUs and capable of controlling them, it is natural the power control of IAB to be based on the management of CU. Even so, there are cases where power control based on assistance information is required depending on the environments of simultaneous operation. Regarding the environments are described in subclause 4.1, 4.2, and 4.3.

Simultaneous reception (MT-Rx/DU-Rx)
As stated in previous meeting, the problem that can occur in the simultaneous reception is the received power imbalance where the difference in the power level received from the child IAB-MT and parent IAB-DU is larger than the expected value of the receiver. Considering the downlink transmission power is usually higher than that of uplink, it is natural to consider the transmission power of the parent IAB-DU to be reduced on the resource for simultaneous reception operation, which can be coordinated by CU.
In that case, when transmit power reduction of the parent IAB-DU is indicated, it can be expected that the received power imbalance problem is reduced. However the other thing comes up that the CQI mismatch will be occurred on the resource with Tx power reduction. A method for correction of Rank/CQI reporting and fine MCS selection should be discussed. 
When transmit power reduction of the parent IAB-DU occurs under the control of the CU, an indication of corresponding resource can be provided by CU. So, IAB-DU can configure a distinguishable reference signal, for example, multiple CSI-RS resource sets with different power level. Taking one step further, it can be considered that the DU provides assistance information on which CSI-RS to be used among those classified reference signals to support local power control.
Considering the characteristics of IAB-DU as a gNB, the IAB-DU with simultaneous reception will receive from multiple child IAB-MTs and/or UEs. In such a case, it is reasonable assumption that received power level of IAB-DU can be vary among child IAB-MTs and UEs since the IAB-MT may have relatively better beamforming capability and higher transmission power than the UE. As another example, the received power from IAB-MTs can be different depending on whether it is a local area IAB-MT or a wide area IAB-MT, or according to geographical location (e.g., cell edge and centered). The point is, the power level received from an individual UE/IAB-MT is likely to be different. Therefore, in this case, detailed transmit power level adjustment by the IAB node will be required for each of child IAB-MT by for example, giving assistance information to the parent IAB-DU since child IAB-MT is controlled by IAB-DU.

Proposal 8: The transmit power control by the CU is adopted to resolve the received power imbalance.
Proposal 9: Multiple CSI-RS resource sets can be used for fine CSI reporting in case of DU power control. 
· In addition, preferable CSI-RS resource can be reported by child IAB-MT as assistance information for fine CSI reporting.

Simultaneous transmission (MT-Tx/DU-Tx)
The power shortage is the main concern for the simultaneous transmission. Considering that IAB-MT is controlled by parent IAB-DU, it is natural to consider the parent IAB-DU reduces transmission power of the IAB-MT on the resource for simultaneous transmission in order to prevent the problem of power shortage. For this, it is necessary for IAB-MT to be capable of transmitting different transmission power levels, which needs to be discussed to introduce it or not. To be specific, in order for the IAB-MT to operate at a different transmission power level, a framework for IAB-MT to perform transmit power level transition is required. It should be discussed whether this is supported by the Rel-16 uplink power control framework.
It is very likely that there is an IAB-MT which is not capable of reducing target power level of transmission indicated by the parent IAB. For example, an instantaneous power level transition could be difficult since the dynamic range of the IAB-MT is not enough or the target amount of power reduction is out of range for IAB-MT due to the implementation issue. In those cases, the transmission power of IAB node could be insufficient for simultaneous transmissions since the transmission power of IAB-MT could not be reduced by the target value. In such a case, power sharing/splitting can be considered as a solution. The priority rule between MT and DU can be considered as an alternative, however such a priority rule between MT and DU is based on the conflict between uplink and downlink, which should be discussed carefully if introduced. The dynamic/semi-static power sharing of dual connectivity in Rel-16 can be the baseline of the discussion.
In other cases than above mentioned, there can be a case where IAB-DU drop the transmission due to the power shortage even when the IAB-MT transmits with reduced power to ensure transmission of IAB-DU. In such a case, it is desirable to change the transmission power of IAB-MT from reduced power to normal power, i.e., back-off to TDM case. With those in mind, the power control of simultaneous transmission should be discussed considering Rel-16 uplink power control framework.

Proposal 10: For DU control based power control in simultaneous transmission (MT-Tx/DU-Rx), NR-DC power sharing is a starting point for the power sharing/splitting between MT and DU
· Further discuss whether the transmission power level of IAB-MT can be changed according to the resources based on the Rel-16 uplink power control mechanism.

Simultaneous transmission and reception
The power control of simultaneous transmission and reception can be achieved by extending the power control of cases mentioned above. The CU (or DU) centered power control can also be considered as a baseline, with only difference of interference from IAB node itself, i.e., SI. Therefore, it is essential to introduce the SI measurement, corresponding enhanced power control of IAB node should be considered according to each case of simultaneous operation.

MT-Rx/DU-Tx
In order to prevent performance degradation due to the SI in advance, the CU can indicate the IAB-DU to reduce the power level of transmission, which is identical to the simultaneous reception case. The only difference is that in simultaneous reception case, the parent IAB-DU is indicated to reduce the transmit power but the IAB-DU is indicated to reduce the transmit power in this case. Therefore, same as that case, the misunderstandings in MCS selection of child IAB-MT due to the different transmission power of the IAB-DU, which is also needed to be indicated to prevent it. The solution for simultaneous reception can also be applied that introducing multiple CSI-RS resources which can be distinguished. Likewise, IAB-MT reports CSI depending on the CSI-RS resource.
However, even in case the transmission power of the IAB-DU is reduced by CU, it would be impossible for IAB-DU to transmit with the same power level for indicated resources, that is, the transmission power of IAB-DU will vary. Therefore, the IAB-MT needs to monitor the transmission power level and adapt to it, and in this point, SI measurement is necessary. The power control can be assisted by SI measurement. For example, followings can be considered: based on SI measurement, the transmission power of the IAB-DU could be reduced depending on the implementation, or the transmission of IAB-DU could be dropped and back-off to TDM mode. Alternatively, assistance information requesting to boost transmission power of the parent IAB-DU can be transmitted to prevent fall back to TDM mode. Such transmission power boost request of the IAB-DU could be approved only in restricted cases such as the transmission is MT-specific, and the interference due to the power increment is not expected to be significant due to the sharp beamforming.

Proposal 11: The power control mechanism of simultaneous reception (i.e., CU based power coordination, multiple CSI-RS resource, etc.) can be extended for power control for simultaneous MT-Rx/DU-Tx.
· The assistance information for power control of IAB-DU and back off to TDM mode can be considered based on SI measurement.

MT-Tx, DU-Rx
It can be considered that the DU configures to lower the transmission power of its child IAB-MT in advance for the MT-Tx and DU-Rx operation same as the simultaneous transmission. Accordingly, whether or not the IAB-MT supporting the power level transition meeting the expected range can be a problem. Even it is solved, the performance of DU-Rx may be degraded due to residual SI. Therefore, the additional mechanism to solve this problem is needed, which should be based on SI measurement.
Based on SI measurement, two alternatives for power control of IAB-MT can be considered: One is reporting SI measurement to the parent IAB, and the other one is requesting power control to the parent IAB when the IAB-MT makes decision that power control is needed judging by the measurement of SI. The latter methodology is preferable considering that since the parent IAB-DU is impossible to monitor the SI of every single child IAB-MT in real time, the SI report should be periodic or trigger base manner which is waste of resources.

Proposal 12: The power control of simultaneous transmission can be extended for power control of simultaneous MT-Tx/DU-Rx.
· Further study how the IAB node determines SI measurement and requests power control from the parent IAB-DU.
· The assistance information for power control request of IAB-MT can be considered based on SI measurement.

Conclusion
In this contribution, we discussed on other enhancement for simultaneous operation. From the discussion, we obtained following proposals.

IAB-node timing modes
Proposal 1: Clarify following two approaches regarding on MT Tx timing alignment to DU Tx timing in Case 6 timing mode.
· Approach 1. MT Tx timing is adjusted by parent-DU using TA mechanism
· Approach 2. MT Tx timing is allowed to be adjusted autonomously by MT 
Proposal 2: Adopt symbol level alignment without slot level alignment between MT Rx and DU Rx timing for Case 7 timing mode.
Proposal 3: It needs to be discussed whether and how DU can be operated with multiple UL Rx timings.

Interference
Proposal 4: Consider the classification of resources that can be transmitted based on the type of IAB-MT, i.e., wide area IAB-MT and local area IAB-MT.
Proposal 5: For MT to MT interference management, Rel-16 CLI framework can be applied and be modified.  
Proposal 6: For DU to DU interference management, Rel-16 RIM can be reused. 
Proposal 7: SI measurement should be performed by IAB-node for simultaneous operation. Existing mechanism (i.e., CLI-RSSI and SRS-RSRP measurement/reporting for DU to MT SI, and CSI measurement/reporting for MT to DU SI) can be adopted for SI measurement and reporting.

Power control
Proposal 8: The transmit power control by the CU is adopted to resolve the received power imbalance.
Proposal 9: Multiple CSI-RS resource sets can be used for fine CSI reporting in case of DU power control. 
· In addition, preferable CSI-RS resource can be reported by child IAB-MT as assistance information for fine CSI reporting.
Proposal 10: For DU control based power control in simultaneous transmission (MT-Tx/DU-Rx), NR-DC power sharing is a starting point for the power sharing/splitting between MT and DU
· Further discuss whether the transmission power level of IAB-MT can be changed according to the resources based on the Rel-16 uplink power control mechanism.
Proposal 11: The power control mechanism of simultaneous reception (i.e., CU based power coordination, multiple CSI-RS resource, etc.) can be extended for power control for simultaneous MT-Rx/DU-Tx.
· The assistance information for power control of IAB-DU and back off to TDM mode can be considered based on SI measurement.
Proposal 12: The power control of simultaneous transmission can be extended for power control of simultaneous MT-Tx/DU-Rx.
· Further study how the IAB node determines SI measurement and requests power control from the parent IAB-DU.
· The assistance information for power control request of IAB-MT can be considered based on SI measurement.
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Annex
In the last meeting, following agreements were made regarding on other enhancements for simultaneous operation. [1]
	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
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
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
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
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.
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