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1. Introduction
In this contribution, we discuss on other enhancement for simultaneous operation of IAB-node’s child and parent links.
· IAB-node timing mode(s)
· Extension for DL/UL power control
· CLI and interference measurement of BH links

2. IAB-node timing mode(s)
In IAB SI, seven cases of IAB-node timing modes were identified, and three cases (i.e., case #1, case #6 and case #7) were mainly studied. 
· Case #1: DL transmission timing alignment across IAB-nodes and IAB-donors
· Case #6 (Case#1 DL transmission timing + Case #2 UL transmission timing)
· Case #7 (Case#1 DL transmission timing + Case #3 UL reception timing)

In Rel-16 IAB WI, OTA based DL Tx timing alignment mechanism for supporting ‘case #1’ which is assumed on TDM operation between MT and DU was specified. In Rel-17 IAB enh WI, ‘simultaneous operation (transmission and/or reception)’ is included in work scope. Hence, we may consider a timing alignment mechanism for ‘case #6 (MT Tx / DU Tx)’ and ‘case #7 (MT Rx / DU Rx)’ of the IAB timing mode as a starting point for specification work. In addition, for the other simultaneous scenarios (i.e., MT Tx / DU Rx and MT Rx / DU Tx), it is needed to identify new cases of IAB timing mode.
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Figure 1. Multiplexing scenarios between MT and DU

Proposal 1: 
· Timing alignment mechanism for ‘case #6 (MT Tx / DU Tx)’ and ‘case #7 (MT Rx / DU Rx)’ of the IAB timing mode are considered as a starting point for specification work
· New cases of IAB timing mode for the other simultaneous scenarios (i.e., MT Tx / DU Rx and MT Rx / DU Tx) are identified.
· Case #8: Case#1 + The UL transmission timing of an IAB-node can be aligned with the IAB-node's UL reception timing.
· Case #9: Case#1 + The DL reception timing of an IAB-node can be aligned with the IAB-node's DL transmission timing.

IAB timing mode case #6 for MT Tx / DU Tx
For simultaneous MT Tx/DU Tx, MT UL Tx time may be aligned with DU DL Tx time, and DU DL Tx time can be used as the timing reference for MT UL Tx. Accordingly, when MT applies UL Tx time for case#6, it is not necessity for the MT to follow the timing advance value indicated by gNB. So, when MT transmits UL signal using the timing advance value determined by DU DL Tx time, and parent IAB node may receive the UL signal, the received UL signal may not be aligned with symbol boundary of other UL signal. Furthermore, since IAB node(s) are randomly located, the propagation delay cannot be same. So, if multi-IAB MT transmit UL signal, parent IAB node may receive the signals which are not aligned each other. Depending on IAB-DU implementation, asynchronous reception can be allowed or not. In summary, IAB timing mode case#6 can be operated by network configuration.
If network allows simultaneous MT Tx/DU Tx, MT may apply timing advance value determined by DU DL Tx time. In addition, if network allows both TDM and simultaneous MT Tx/DU Tx, MT may apply one of two timing advance values depending on IAB resource multiplexing.

Proposal 2: 
· Simultaneous IAB-MT Tx and IAB-DU Tx can be operated by network configuration. Also, IAB timing mode case#6 can be operated by network configuration.
· When simultaneous IAB-MT Tx and IAB-DU Tx is configured, IAB timing mode case #6 (MT UL Tx time is aligned with DU DL Tx time) can be applied according to network configuration. 
· When IAB timing mode case#6 is allowed, MT may apply timing advance value determined by DU DL Tx time. 
· If network allows both TDM and simultaneous MT Tx/DU Tx, and IAB timing mode case#6 is allowed, MT may apply one of two timing advance values depending on IAB resource multiplexing.

IAB timing mode case #7 for MT Rx / DU Rx
For simultaneous MT Rx / DU Rx, DU UL Rx time may be aligned with MT DL Rx time (i.e., IAB timing mode case #7). If IAB-DU decides to use UL Rx time of case#7, DU may need to indicate timing information regarding the UL Rx timing reference. In IAB SI, three alternatives of solution were identified.
· Alt.1: Introduce negative initial time alignment (TA) for IAB-nodes
· Alt.2: Apply a positive TA that enables symbol alignment, but not slot alignment
· Alt.3: Signaling of a relative offset w.r.t the most recent TA value to achieve an effective negative TA
These solutions can be a good starting point for discussion in Rel-17. 

In addition, the reference time for DU UL reception can be changed depending on the MT DL Rx time. Hence, it could be required that DU indicates timing information when the UL Rx timing reference is changed. If it is considered that the characteristic of UL Rx timing reference is cell specific value, network can indicate the timing information regarding the UL Rx timing reference via cell specific message (e.g., system information) or UE group specific message (e.g., DCI or MAC-CE). It is needed to discuss how to indicate the reference time related information in terms of signalling overhead and update occasion. 

Proposal 3: 
· Simultaneous IAB-MT Rx and IAB-DU Rx can be operated by network configuration. Also, IAB-node can decide whether IAB timing mode case#7 is operated if single panel based simultaneous IAB-MT Rx and IAB-DU Rx can be supported by IAB-node implementation.
· When IAB timing mode case#7 is allowed, IAB-DU may indicate timing information regarding the UL Rx timing reference to child IAB-MT. 

IAB timing mode case for MT Rx/DU Tx and MT Tx/DU Rx
In case of simultaneous MT Rx/DU Tx and MT Tx/DU Rx, symbol level timing alignment of MT and DU could provide a benefit for mitigating cross-link interference between backhaul link and access link within a IAB-node if IAB-node has interference mitigation capability. 
For symbol level timing alignment for simultaneous MT Rx/DU Tx case, time difference of MT DL Rx and DU DL Tx should be within CP length. That is, symbol level timing alignment based simultaneous MT Rx/DU Tx can be operated in small cell coverage (e.g., less than 100m).
  For symbol level timing alignment for simultaneous MT Tx/DU Rx case, MT UL Tx time can be same as the receiving timing reference of DU UL signal/channel. Since the timing reference of DU UL signal/channel is determined depending on configured timing advance value for MT UL Tx, it is needed that IAB-DU indicates timing reference related information to the child IAB-MT.

Proposal 4: 
· In case of simultaneous MT Rx/DU Tx and MT Tx/DU Rx, symbol level timing alignment of MT and DU can be allowed depending on IAB-node capability. 
· If symbol level timing alignment for simultaneous MT Rx/DU Tx case is allowed, an assumption that time difference of MT DL Rx and DU DL Tx should be within CP length is required. 
· When symbol level timing alignment for simultaneous MT Tx/DU Rx case is allowed, IAB-DU may indicate timing information regarding the UL Rx timing reference to child IAB-MT. 

Multi-carrier Support
In multi-carrier scenario, IAB resource multiplexing mode (e.g., TDM, simultaneous Tx/Rx) can be operated independently for each of carriers. Furthermore, we can assume that IAB timing mode can be applied independently. In carrier aggregation scenario, the timing information for slot/symbol alignment between MT and DU can be indicated at Pcell / PScell, and the indicated timing information can be applied at the target carrier. In addition, the timing reference can be shared within TAG.

Proposal 5: 
· In multi-carrier scenario, IAB resource multiplexing mode (e.g., TDM, simultaneous Tx/Rx) and/or IAB timing mode can be operated independently. 


Extension for DL/UL power control
In this section, DL/UL power control mechanism will be discussed. Since simultaneous operation (transmission and/or reception) is included in the objective of Rel-17 IAB enh WI, we will focus on power control mechanism for supporting following simultaneous operation scenarios. 
· Simultaneous reception of IAB-MT and IAB-DU
· Simultaneous transmission of IAB-MT and IAB-DU

3.1 Power control for simultaneous reception of IAB-MT and IAB-DU
One of the most significant problem of power control for simultaneous reception case is a power imbalance of received signal/channel between MT and DU. If it is considered that IAB-DU can operate higher transmit power than IAB-MT, it can be naturally assumed that downlink signal from the parent IAB-node has higher reception power than uplink received signal from the child IAB-node. The power level difference between two different signals can cause distortion of received signal by AGC. In order to resolve the problem of power imbalance of received signal/channel between DL for IAB-MT and UL for IAB-DU, we can consider following two possible solutions: 
· Solution 1: IAB-DU indicates UL power control of child IAB-node.
· Solution 2: IAB-MT requests parent IAB-node for DL power control.

The first solution is that the IAB-DU indicates the child IAB to increase the transmission power. When there is room in the transmission power of the child IAB, the transmission signal power can be increased to transmit. This seems to be able to work with the current UL power control mechanism. However, if the maximum output power of the child node is limited, it may be hard to increase UL transmission power of child node. Therefore, only using UL power control mechanism cannot fully resolve the power imbalance problem.

The second solution is that the IAB-MT requests parent node to transmit DL signal/channel with lower transmission power. If parent IAB node reduces the transmission power for (UE specific) PDSCH as a response to the request of power reduction from IAB node, IAB-MT may receive PDSCH with lower received power, then the power imbalance problem can be resolved. On the other hand, if Tx power reduction is applied to cell specific signal/channel (i.e., SSB, PDCCH/PDSCH for RMSI, CSI-RS for L3 measurement), cell coverage of parent IAB node is reduced. Hence, if DL power control mechanism based on UE request is introduced, it is needed that the Tx power reduction solution is applied for only UE specified DL signal/channel. 

Proposal 6:
· For power control for simultaneous reception of IAB-MT and IAB-DU, DL power control mechanism based on IAB-MT request should be adopted. 

3.2 Power control for simultaneous transmission of IAB-MT and IAB-DU
For the case of TDMed transmission of IAB-MT and IAB-DU, maximum output power could be determined according to each power class. On the other hand, despite the various implementation, the IAB-MT and IAB-DU supporting simultaneous transmission will transmit within the same or similar geographical location since the IAB, as name implies, is an integrated node. Considering the maximum output power and/or the allowed EIRP are determined by the node property (power class of UE or BS), the ambiguity of how to determine the maximum output power allowed for an IAB supporting simultaneous transmission is deniable.

Proposal 7: 
· The maximum output power allowed for an IAB supporting simultaneous transmission of IAB-MT and IAB-DU should be discussed.

It can be expected that power control mechanism for simultaneous transmission may or may not be same due to the various implementation of IAB-node. In Rel-16 IAB SI, IAB-node implementation (i.e., single panel vs. multi-panel operation (single or multiple baseband)) was considered for study. Similarly, in Rel-17 IAB enh WI, we can assume two different types of IAB-node implementation (i.e., single-panel and multi-panel) for discussion of a power control mechanism for simultaneous transmission.

Multi-panel case
In case of IAB-MT and IAB-DU are separated by multi panel, each of which has its own amplifier/RF. In other words, transmit power of IAB-MT and IAB-DU can be independently configured and operated. In addition, if the panels of IAB-node are separately located to provide a good shielding property between panels, it can be assumed that interference between IAB-MT and IAB-DU is negligible. In this case, similar to the sectorization of gNB, IAB-MT and IAB-DU can be operated independently by using the existing DL/UL power control mechanism.

Single-panel case
In case of single-panel, it can be considered that IAB-MT and IAB-DU have their own amplifiers or they share a single amplifier. If IAB-MT and IAB-DU have their own amplifiers, they can operate independently like multi-panel case, therefore it is possible to support simultaneous transmission by using the current power control mechanism in terms of operation. However, in terms of regulation, limitation of transmit power of single panel can be different with multi-panel case.
On the other hand, if IAB-MT and IAB-DU share a single amplifier, the option of sharing transmission power can be considered. In this case, when IAB-MT and IAB-DU shares transmit power, power shortage can be occurred on IAB-MT or IAB-DU, and it may be needed to select one link (i.e., backhaul link or access link) for transmission. For example, if cell specific DL signal/channel (e.g., SSB, PDCCH/PDSCH for system information, Paging, etc.) at access link and UE specific UL signal/channel (e.g., PUSCH, SRS, etc.) at backhaul link are scheduled at a same slot, and if IAB-node are required to select one link due to transmission power shortage, IAB-node may select access link for cell specific DL signal/channel transmission if a priority rule is defined. Such priority/selection rule should consider IAB-MT and IAB-DU all at once since the current scenario is simultaneous transmission.

Proposal 8: 
· It is necessary to discuss the priority rule or the selection rule for IAB-MT and IAB-DU capable of power sharing and supporting simultaneous transmission considering them together, not separately.

CLI and interference measurement of BH links
In IAB SI, the impact of cross-link interference on access and backhaul links and interference measurement and management solution were studied. Also, inter IAB-node interference scenarios were identified [2]. 
- Case 1: Victim IAB-node is receiving in DL via its MT, interfering IAB-node is transmitting in UL via its MT;
- Case 2: Victim IAB-node is receiving in DL via its MT, interfering IAB-node is transmitting in DL via its DU;
- Case 3: Victim IAB-node is receiving in UL via its DU, interfering IAB-node is transmitting in UL via its MT;
- Case 4: Victim IAB-node is receiving in UL via its DU, interfering IAB-node is transmitting in DL via its DU.

In Figure 2, inter IAB-node interference scenarios are depicted. The Case 1 can be considered as UE to UE CLI, and the Case 4 can be considered BS to BS CLI. Also, the Case 2 can be considered as Inter-cell gNB interference, and the Case 3 can be considered as Inter-cell UE interference. 
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(a) Case1: UE to UE CLI             (b) Case2: Inter-cell gNB interference 
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(c) Case3: Inter-cell UE interference            (d) Case4: BS to BS CLI
Figure 2. Inter-IAB-node interference scenarios

In Rel-16 CLI/RIM WI, CLI measurement and handling mechanism were specified. The mechanism is mainly focused for mitigating UE to UE CLI. Hence, the Rel-16 CLI handling mechanism including CLI measurement (i.e., L3 based CLI-RSSI and SRS-RSRP) and network signalling (i.e., Intended UL/DL configuration) can be applied for Case 1. In addition, we need to consider IAB specific TDD configuration (i.e., U-F-D) for CLI handling. For example, for IAB operation, new configurations for SRS transmission resource and SRS-RSRP measurement resource may be necessary if SRS transmission is allowed for IAB specific TDD configuration (i.e., U-F-D). Also, intended UL/DL configuration can be modified for reflecting the IAB specific TDD configuration. 

Proposal 9: 
· For the Case 1 (Victim IAB-node is receiving in DL via its MT, interfering IAB-node is transmitting in UL via its MT) of inter IAB-node interference scenario, Rel-16 CLI measurement and handling mechanism can be applied.
· Considering on IAB specific TDD configuration (i.e., U-F-D), measurement resource configuration and/or signalling for network coordination (i.e., intended UL/DL configuration) can be modified. 

Conclusion 
In this contribution, we discuss on other enhancements for IAB including IAB-node timing modes, extension for DL/UL power control, and CLI and interference measurement of BH links. From the discussion, we propose as follows: 

IAB-node timing mode(s)
Proposal 1: 
· Timing alignment mechanism for ‘case #6 (MT Tx / DU Tx)’ and ‘case #7 (MT Rx / DU Rx)’ of the IAB timing mode are considered as a starting point for specification work
· New cases of IAB timing mode for the other simultaneous scenarios (i.e., MT Tx / DU Rx and MT Rx / DU Tx) are identified.
· Case #8: Case#1 + The UL transmission timing of an IAB-node can be aligned with the IAB-node's UL reception timing.
· Case #9: Case#1 + The DL reception timing of an IAB-node can be aligned with the IAB-node's DL transmission timing.
Proposal 2: 
· Simultaneous IAB-MT Tx and IAB-DU Tx can be operated by network configuration. Also, IAB timing mode case#6 can be operated by network configuration.
· When simultaneous IAB-MT Tx and IAB-DU Tx is configured, IAB timing mode case #6 (MT UL Tx time is aligned with DU DL Tx time) can be applied according to network configuration. 
· When IAB timing mode case#6 is allowed, MT may apply timing advance value determined by DU DL Tx time. 
· If network allows both TDM and simultaneous MT Tx/DU Tx, and IAB timing mode case#6 is allowed, MT may apply one of two timing advance values depending on IAB resource multiplexing.
Proposal 3: 
· Simultaneous IAB-MT Rx and IAB-DU Rx can be operated by network configuration. Also, IAB-node can decide whether IAB timing mode case#7 is operated if single panel based simultaneous IAB-MT Rx and IAB-DU Rx can be supported by IAB-node implementation.
· When IAB timing mode case#7 is allowed, IAB-DU may indicate timing information regarding the UL Rx timing reference to child IAB-MT. 
Proposal 4: 
· In case of simultaneous MT Rx/DU Tx and MT Tx/DU Rx, symbol level timing alignment of MT and DU can be allowed depending on IAB-node capability. 
· If symbol level timing alignment for simultaneous MT Rx/DU Tx case is allowed, an assumption that time difference of MT DL Rx and DU DL Tx should be within CP length is required. 
· When symbol level timing alignment for simultaneous MT Tx/DU Rx case is allowed, IAB-DU may indicate timing information regarding the UL Rx timing reference to child IAB-MT. 
Proposal 5: 
· In multi-carrier scenario, IAB resource multiplexing mode (e.g., TDM, simultaneous Tx/Rx) and/or IAB timing mode can be operated independently. 

Extension for DL/UL power control
Proposal 6:
· For power control for simultaneous reception of IAB-MT and IAB-DU, DL power control mechanism based on IAB-MT request should be adopted. 
Proposal 7: 
· The maximum output power allowed for an IAB supporting simultaneous transmission of IAB-MT and IAB-DU should be discussed.
Proposal 8: 
· It is necessary to discuss the priority rule or the selection rule for IAB-MT and IAB-DU capable of power sharing and supporting simultaneous transmission considering them together, not separately.

CLI and interference measurement of BH links
Proposal 9: 
· For the Case 1 (Victim IAB-node is receiving in DL via its MT, interfering IAB-node is transmitting in UL via its MT of inter IAB-node interference scenario, Rel-16 CLI measurement and handling mechanism can be applied.
· Considering on IAB specific TDD configuration (i.e., U-F-D), measurement resource configuration and/or signalling for network coordination (i.e., intended UL/DL configuration) can be modified.
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