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[bookmark: OLE_LINK1]Introduction
Regarding timing alignment and synchronization, RAN1#106e has made the following agreements and conclusions. 
· For Case 6 timing at a given IAB-node, the IAB-MT Tx timing is set by the node to the timing obtained for the node’s DL Tx.
· FFS: Need for additional details with reference to support of OTA synchronization (e.g. T_delta)
· For Case 7 timing at a parent node, the IAB-MT Tx timing of the node is obtained via the legacy TA loop plus an offset from the parent node.
· FFS range, granularity, and signaling details of the offset.
· An IAB-node is explicitly indicated by the parent node when Case 6 timing is performed at the IAB-node at least for specific time resources.
· FFS: whether the indication should be associated with another dimensions, e.g. multiplexing cases
· FFS whether an IAB-node is explicitly indicated by the parent node when Case 7 timing is performed at the IAB-node.
· An IAB-node is explicitly indicated by the parent node when Case 7 timing is performed at the parent node.
· FFS for signaling details
Regarding power control for simultaneous operation of IAB-node’s child and parent links, RAN1#106e has made the following agreements. 
· The desired DL TX power adjustment, indicated by the IAB-MT to its parent-node to assist with the parent-node’s DL TX power allocation, is provided at least for specific time resources. 
The desired DL TX power adjustment can further be associated with spatial configuration. (e.g., MT’s DL RX beams).
· FFS: signaling details, e.g. indication via MAC-CE, PUCCH, or legacy CSI framework.
· Support an IAB-node indicating adjustment to its DL TX power to a child node (e.g., in response to receiving the DL TX power assistance information from the child node) at least for specific time resources.
The DL TX power adjustment indication can further be associated with spatial configuration. (e.g., MT’s DL RX beams).
· FFS: signaling details.
· Support an IAB-node indicating its desired IAB-MT PSD range to help with its MT’s UL TX power control.
· This information is provided to the parent node
FFS: Applicability of assistance information, e.g., per multiplexing scenario, per resource, etc.
FFS: Signalling details, including the possibility to extend PHR.
Regarding interference management, RAN1#106e has made the following agreements and conclusions.
· For the support of 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)
· 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)
· Support the exchange of semi-static Rel-16 IAB-DU H/S/NA resource configuration information and Rel-17 frequency domain IAB-DU H/S/NA resource configuration information among neighbouring IAB-nodes/IAB-donors
· In Rel-17 the following may be up to network implementation, no specific specification work required:
· Differentiating access and backhaul slots.
· Restricting simultaneous operation of MT and DU to DL slots.
In this contribution, based on those discussion and proposal, we further elaborate on timing, power control and interference management mechanisms to support IAB-node’s simultaneous operation. 
Support for Case#6 and Case#7 Timing Alignment
We will focus on OTA-based timing alignment since non-OTA-based timing alignment (e.g., GNSS based) is a special case and we should always provide an OTA-based solution. 
Case#6 Timing for Simultaneous MT-TX/DU-TX
[bookmark: _Hlk54209924]In Figure 2.1, we show the Case#6 timing relationship with some notations explained as follows. 
· : The original Case#1 TA at IAB-MT to make IAB node operating at Case#1 timing mode 
· : The absolute Case#6 TA at IAB-MT to make IAB node operating at Case#6 timing mode
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Figure 2.1: Case#6 for MT TX/DU TX timing alignment illustration
It has been agreed in RAN1#106e that an IAB-MT TX timing is set to the IAB node’s DL Tx timing for Case#6 timing at the IAB-node. Additional details are FFS to support of OTA synchronization. There can be two alternatives for TA and  to support OTA synchronization for Case#6 timing at the IAB-node. 
· Alt. 1:  and are remained and transmitted from parent node for Case#6 timing at the IAB-node.
· Alt. 2:  and are transmitted from parent node for Case#6 timing at the IAB-node.
In Alt. 1,  and are remained as legacy TA loop, i.e., they keep the same values to calculate IAB-DU DL TX timing for Case#1 and Case#6. Since it has also been agreed in RAN1#106e that an IAB-node is explicitly indicated by the parent node when Case#6 timing is performed at the IAB-node, the IAB-node can use this explicit signalling to set IAB-MT’s TX timing to IAB-DU TX timing whenever Case#6 timing is performed.  
· Alt.1 IAB-DU TX timing:                
· Alt.1 IAB-MT TX timing:               Explicit signaling from parent node to set to IAB-DU TX timing
In Alt. 2,  and are transmitted from the parent node for Case#6 timing at the IAB-node and are utilized for IAB-DU TX timing calculation.   is also used to control the IAB-MT TX timing. 
· Alt.2 IAB-DU TX timing:                
· Alt.2 IAB-MT TX timing:               
Note that TA and  are coupled to make . 
In Alt.2, firstly, when an IAB node switches from Case#1 timing to Case#6 timing, there will be a sudden change/big gap of TA and  values to the IAB-node. The TA averaging scheme based on averaging across a time window may fail under this kind of TA sudden change. 
Secondly, TA and  values are not guaranteed to be transmitted together. The IAB-DU’s DL TX timing needs to be calculated either based on  or based on . If () pair gets mis-matched for Case#1 and Case#6, there will be severe error of IAB-DU’s DL TX timing.
Thirdly, since  and are coupled to make  and the ranges of  and  are different, new range for  needs to be investigated and defined. 
Fourthly, IAB-MT TX timing needs to be aligned with IAB-DU TX timing for Case#6 simultaneous MT-TX/DU-TX, i.e.,  =  precisely. Alt.2 cannot guarantee this kind of precise DU/MT TX alignment, which are calculated in two different way with different granularity. 
Therefore, there will be the following issues regarding Alt. 2 for Case#6 timing: 
· Issue 1: There will be a sudden change/big gap of TA and  values when an IAB-node switches between Case#1 timing and Case#6 timing.  
· Issue 2: TA and  values are not guaranteed to be transmitted together. If () pair gets mis-matched for Case#1 and Case#6, there will be severe error of IAB-DU’s DL TX timing.
· Issue 3:  range is different from  range and the current TA/ ranges need to be modified. 
· Issue 4: Alt.2 cannot guarantee precise DU/MT TX alignment. 
Hence, we support Alt. 1 for Case#6 timing.
Observation 1: There can be two alternatives for TA and  to support OTA synchronization for Case#6 timing at the IAB-node. 
· Alt. 1:  and are remained and transmitted from parent node for Case#6 timing at the IAB-node.
· Alt. 2:  and are transmitted from parent node for Case#6 timing at the IAB-node.
Observation 2: there will be the following issues regarding Alt. 2 for Case#6 timing: 
· Issue 1: There will be a sudden change/big gap of TA and  values when an IAB-node switches between Case#1 timing and Case#6 timing.  
· Issue 2: TA and  values are not guaranteed to be transmitted together. If () pair gets mis-matched for Case#1 and Case#6, there will be severe error of IAB-DU’s DL TX timing.
· Issue 3:  range is different from  range and the current TA/ ranges need to be modified. 
· Issue 4: Alt.2 cannot guarantee precise DU/MT TX alignment. 
Proposal 1: To support OTA synchronization for Case#6 timing at the IAB-node,  and are remained and transmitted from parent node for Case#6 timing at the IAB-node. 
Case#7 Timing for Simultaneous MT-RX/DU-RX
In Figure 2.3, we show an IAB-node’s timing relationship with parent node operating in Case#7 timing: 
· : The original Case#1 TA at IAB-MT to make parent node operating at Case#1 timing mode 
· : The absolute Case#7 TA at IAB-MT to make parent node operating at Case#7 timing mode
· : parent-MT RX propagation delay
· : IAB-MT RX propagation delay 
The shifting offset from Case#1 TA to absolute Case#7 TA is defined as: 
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Figure 2.3: IAB-node timing relationship details with parent node operating at Case#7 timing
In RAN1#106e, it has been agreed that for Case#7 timing at a parent node, the IAB-MT TX timing is obtained via the legacy TA loop plus an offset from the parent node. 
We derive  value with the following steps. 
1. IAB-MT RX timing is  behind DL TX timing 
IAB-MT TX Case#1 timing is  ahead of IAB-MT RX timing
·  IAB-MT TX Case#1 timing is - ahead of DL TX timing
· Parent-DU RX Case#1 timing is - ahead of DL TX timing

2. Parent-MT RX timing is  behind DL TX timing 
Parent-DU RX Case#7 timing is the same as parent-MT RX timing
· Parent-DU RX Case#7 timing is  behind DL TX timing 

3. Parent-DU RX Case#1 timing is - ahead of DL TX timing (from Step1)
Parent-DU RX Case#7 timing is  behind DL TX timing (from Step 2)
· Parent-DU RX Case#1 timing is -+ ahead of Parent-DU RX Case#7 timing
· IAB-MT TX Case#1 timing is -+ ahead of IAB-MT TX Case#7 timing
· -+

4. 2                               from Rel-16 IAB discussion [1] as in Figure 2.4
  -+      from Step 3
· +
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Figure 2.4: // relationship for Case#1 timing [1]
The range and granularity can be designed according to + and MAC CE signalling can be used to transmit . 
RAN1#106e has also agreed that an IAB-node is explicitly indicated by the parent node when Case#7 timing is performed at the parent node and signaling details are FFS. There can be two alternatives for this explicit indication signaling. 
· Alt. 1:  is transmitted every time parent node switches from Case#1 timing to Case#7 timing and can be used as explicit indication from parent node.
· Alt. 2:  is not transmitted every time parent node switches from Case#1 timing to Case#7 timing. Additional signaling is needed to explicitly indicate that parent node is performed at Case#7 timing. 
As + may not be static, we prefer Alt.1.
Proposal 2: The offset value to control an IAB-MT TX timing when parent node in Case#7 timing is + ,where  is parent-MT RX propagation delay and   is the switching gap between UL RX and DL TX at the parent node. MAC CE signalling can be used to transmit .
Proposal 3: There can be two alternatives for explicit indication by the parent node when Case#7 timing is performed at the parent node: 
· Alt. 1:  is transmitted every time parent node switches from Case#1 timing to Case#7 timing and can be used as explicit indication from parent node.
· Alt. 2:  is not transmitted every time parent node switches from Case#1 timing to Case#7 timing. Additional signaling is needed to explicitly indicate that parent node is performed at Case#7 timing. 
Alt. 1 is preferred.
Power Control to Support IAB-node’s Simultaneous Operation 
child-node assisted DL power control
For child node assisted DL power control, it has been agreed in RAN1#105e-106e to support desired DL power adjustment indication from a child IAB-MT to the IAB-DU and signalling details are FFS. 
In Figure 3.1, we illustrate the UL TPC for DU DL power control mechanism: UL TPC command is introduced with certain power adjustment step and range from child IAB-MT to IAB-DU to dynamically inform the IAB-DU to increase or decrease DL transmission power. Each TPC command field is corresponding to a pre-defined power adjustment value. This UL TPC for DU signalling can be transmitted over UCI carried in PUCCH. 
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Figure 3.1: UL TPC for DU illustration 
Proposal 4: For child-node assisted DL power control, support UL TPC for DU. 
parent-node assisted DL power control
In MT TX/DU TX simultaneous operation, the received signal at parent DU may have interference coming from DU’s DL transmission. With current UL power control, parent DU can send dynamic TPC for MT to increase its UL transmission power. However, the UL transmission power is limited by the UE/MT capability and may not fully solve this issue. Hence, besides DL TPC for MT, DL TPC for DU can be introduced from parent DU to IAB MT to inform the collocated IAB-DU to adjust its DL transmission power, as shown in Figure 3.2. 
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Figure 3.2: DL TPC for DU illustration

Proposal 5: For parent-node assisted DL power control, support DL TPC for DU.  
Interference Management
For MT-to-MT interference management, current CLI measurements (e.g., CLI-RSSI and SRS-RSRP) in Rel-16 NR to address UE-to-UE interference can be the starting point. On the other hand, Rel-16 CLI measurements and reports are through RRC signalling (e.g., CU configures UE/MT measurements and UE/MT reports to CU). For dynamic measurement configuration and scheduling efficiency in IAB network, we can enhance measurements/reporting with L1/L2 signalling (e.g., parent-DU configures IAB-MT’s measurements and IAB-MT reports to parent-DU). 
For DU-to-MT interference management, current interference management methods, e.g., NZP CSI-RS and CSI-IM based methods in Rel-16 NR can be starting point. Similar to MT-to-MT scenario, L1/L2 signalling enhancements can be introduced. 
For MT-to-DU interference management, since there are no BS measurements defined in current specifications for UE to BS interference, we cannot reuse Rel-16 CLI or interference management methods and additional enhancements are needed. There can be the following two options. 
· MT-to-DU-Option.1: DU-based measurement and report procedure
In this option, the victim IAB-DU can be informed with interfering IAB-MT’s SRS/DM-RS configuration and perform measurements/report accordingly
· MT-to-DU-Option.2: MT-based measurement and report procedure 
In this option, the co-located IAB-MT can perform MT-based CLI measurement/report. 
Proposal 6: For MT-to-MT interference management, current CLI measurements (e.g., CLI-RSSI and SRS-RSRP) in Rel-16 NR to address UE-to-UE interference can be the starting point. L1/L2 signalling enhancements can be introduced.    
Proposal 7: For DU-to-MT interference management, current interference management methods, e.g., NZP CSI-RS and CSI-IM based methods in Rel-16 NR can be the starting point. L1/L2 signalling enhancements can be introduced.    
Proposal 8: For MT-to-DU interference management, further discuss the following options.
· MT-to-DU-Option.1: DU-based measurement and report procedure
· MT-to-DU-Option.2: MT-based measurement and report procedure 
Conclusion
In this contribution, we discussed mechanisms to support Case#6 and Case#7 timing, power control for IAB-node’s simultaneous operation and interference management issues.  It is summarized by the following observations and proposals. 
Observation 1: There can be two alternatives for TA and  to support OTA synchronization for Case#6 timing at an IAB-node. 
· Alt. 1:  and are remained and transmitted from parent node for Case#6 timing at an IAB-node.
· Alt. 2:  and are transmitted from parent node for Case#6 timing at an IAB-node.
Observation 2: there will be the following issues regarding Alt. 2 for Case#6 timing: 
· Issue 1: There will be a sudden change/big gap of TA and  values when an IAB-node switches between Case#1 timing and Case#6 timing.  
· Issue 2: TA and  values are not guaranteed to be transmitted together. If () pair gets mis-matched for Case#1 and Case#6, there will be severe error of IAB-DU’s DL TX timing.
· Issue 3:  range is different from  range and the current TA/ ranges need to be modified. 
· Issue 4: Alt.2 cannot guarantee precise DU/MT TX alignment. 
Proposal 1: To support OTA synchronization for Case#6 timing at the IAB-node,  and are remained and transmitted from parent node for Case#6 timing at the IAB-node. 
Proposal 2: The offset value to control an IAB-MT TX timing when parent node in Case#7 timing is + ,where  is parent-MT RX propagation delay and   is the switching gap between UL RX and DL TX at the parent node. MAC CE signalling can be used to transmit .
Proposal 3: There can be two alternatives for explicit indication by the parent node when Case#7 timing is performed at the parent node: 
· Alt. 1:  is transmitted every time parent node switches from Case#1 timing to Case#7 timing and can be used as explicit indication from parent node.
· Alt. 2:  is not transmitted every time parent node switches from Case#1 timing to Case#7 timing. Additional signaling is needed to explicitly indicate that parent node is performed at Case#7 timing. 
Alt. 1 is preferred.
Proposal 4: For child-node assisted DL power control, support UL TPC for DU. 
Proposal 5: For parent-node assisted DL power control, support DL TPC for DU.  
Proposal 6: For MT-to-MT interference management, current CLI measurements (e.g., CLI-RSSI and SRS-RSRP) in Rel-16 NR to address UE-to-UE interference can be the starting point. L1/L2 signalling enhancements can be introduced.    
Proposal 7: For DU-to-MT interference management, current interference management methods, e.g., NZP CSI-RS and CSI-IM based methods in Rel-16 NR can be the starting point. L1/L2 signalling enhancements can be introduced.    
Proposal 8: For MT-to-DU interference management, further discuss the following options.
· MT-to-DU-Option.1: DU-based measurement and report procedure
· MT-to-DU-Option.2: MT-based measurement and report procedure 
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