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Introduction
In order to support simultaneous operation by IAB-node’s child and parent links, some enhancements such as IAB-node timing, DL/UL power control/sharing, and CLI and interference measurements were discussed. In this contribution, more views on these three aspects are provided.

Enhancements for simultaneous operation
2.1 Timing cases for simultaneous operation
In RAN1#102-e and RAN1#103-e meetings, the following agreements on timing cases for simultaneous operation were achieved.
	Agreements of RAN1 #102-e[1]
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
· Based on the WID, the following multiplexing cases are in scope for potential support in Rel-17:
· Multiplexing Case A: Simultaneous MT-Tx/DU-Tx 
· Multiplexing Case B: Simultaneous MT-Rx/DU-Rx 
· Multiplexing Case C: Simultaneous MT-Rx/DU-Tx 
· Multiplexing Case D: Simultaneous MT-Tx/DU-Rx 
· Further study for for Case A and Case B at least the following scenarios:
· Single or multi-panel IAB nodes operating in unpaired spectrum (FR1 and FR2 bands)
· Further study for Case C and Case D at least for the following scenarios:
· Multi-panel IAB nodes operating in unpaired spectrum (FR1 and FR2 bands) 
· FFS: Required level of specification impact to support the different cases. Any additional specification support in Rel-17 should be conditioned on feasibility from an interference and reliability perspective on a per-link and network basis 

Agreements of RAN1 #103-e[2]
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
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



For Case 6 timing and Case 7 timing, they have been supported for multiplexing scenario Case A and multiplexing scenario Case B respectively, and more details should be discussed.
Case-6 timing for MT-Tx/DU-Tx
For case-6 timing, due to the fact that the alignment between IAB node’s UL-Tx timing and its DL-Tx timing is required, the legacy TA mechanism would not be feasible for the UL transmission. As a result, UL-Rx timing at the parent node could be different between IAB nodes and access UEs covered by the parent node. In this situation, the interference between IAB nodes and access UEs covered by the parent node will be more serious due to UL receiving timing misalignment at the parent node side. To avoid the issue of UL-Rx timing asynchronization, IAB nodes and access UEs covered by the parent node are proposed to be operated by TDM. However, the issue of UL-Rx timing asynchronization between IAB nodes under the same parent node due to different transmission propagation still exists, which means that TDMed slots may also be needed between those IAB nodes. Moreover, if the IAB nodes only work with case-6 timing, the problem of how to align the DL-Tx timing between parent and its child nodearises, such as e.g., the issues listed in Table1. Obviously, these issues would incur more impacts on spec. 
To overcome the above issues, a solution that IAB node works with both case-1 timing and case-6 timing can be considered. In this way, DL-Tx timing alignment can be done by reusing case-1 timing defined in Rel-16, and the compatibility for access UEs can be maintained while the UEs can work in the slots with case-1 timing.
To illustrate the outline of the two solutions, some analysis/comparisons are listed in the table 1.
Table 1. Comparisons related to case-6 timing
	Operation way in the system
	DL-Tx timing
	UL-Tx timing
	Range of T_delta
	Compatibility of UEs

	case-1 + case-6
	By case-1
	Legacy TA mechanism under case-1;
DL-Tx timing under case-6
	Similar as case-1 under case-1;
No concept on T_delta under case-6
	Okay for the slots operating with case-1

	Only case-6
	To enhance OTA mechanism due to the next two columns 
	New TA mechanism
	New range of T_delta
	Bad


Basing on the above analysis and comparisons, we have the following observation and proposal related to case-6 timing.
[bookmark: _Toc25829][bookmark: _Toc21994][bookmark: _Toc61861936] For the solution with TDMed case-1 timing and case-6 timing, there is less specification and compatibility issue.  
[bookmark: _Toc258][bookmark: _Toc29548][bookmark: _Toc3954][bookmark: _Toc21284][bookmark: _Toc27094][bookmark: _Toc7493][bookmark: _Toc61861914]TDMed Case-1 timing and case-6 timing should be supported at least for IAB-nodes operating in multiplexing scenario Case A: 
[bookmark: _Toc4810][bookmark: _Toc8586][bookmark: _Toc7696][bookmark: _Toc1015][bookmark: _Toc15517][bookmark: _Toc26972][bookmark: _Toc61861915]DL-Tx timing of case-6 timing would be equivalently derived by DL-Tx timing of case-1 timing
[bookmark: _Toc973][bookmark: _Toc13798][bookmark: _Toc6086][bookmark: _Toc25295][bookmark: _Toc7937][bookmark: _Toc16869][bookmark: _Toc61861916]Parent node can indicate certain timing is used for UL-Tx timing to IAB-node, i.e., normal TA mechanism is used for UL-Tx timing when IAB-node operate with case-1 timing and DL-Tx timing is used for UL-Tx timing when IAB-node operate with case-6 timing   
Case-7 timing for MT-Rx/DU-Rx
For the case of only case-7 timing, due to the fact that the alignment between IAB node’s UL-Rx timing and its DL-Rx timing is required, it may result in potential negative TA in access uplink when transmission propagation of backhaul link is larger than 2 times of transmission propagation of access link, which is a key issue of case-7 timing. Another issue of only case-7 timing is how to derive DL-Tx timing of IAB-node and/or child node. We think that these two issues should be together considered in a unified way as comparisons in the table 2.
Table 2. Comparisons related to case-7 timing
	Operation way in the system
	TA value
	Alignment level
	DL-Tx timing
	UL-Tx timing
	Range of T_delta
	Compatibility of UEs

	Only case-7
	In case of  potential negative TA
	Symbol level
	Similar as case-1
	Legacy TA mechanism
	Similar as case-1
	Yes

	
	
	Slot level
	To enhance OTA mechanism due to the next two columns 
	New TA mechanism to resolve negative TA
	New range of T_delta
	Bad

	
	In case of positive TA
	Slot level
	Similar as case-1
	Legacy TA mechanism
	Similar as case-1
	Yes

	TDM case-1 + 7
	Positive TA for case-1;
Potential negative TA for case-7
	Slot level
	By case-1
	The same TA command between case-1 and case-7
	Similar as case-1 when case-1;
No concept on T_delta when case-7
	Yes for the slots operating with case-1


Regarding the issues listed in Table 2, in the case of only case-7 timing applied, for slot level alignment, to get the desired negative TA value, one way by adjusting to achieve a negative value multiple rounds will require a long term adjustment process, which would result in more overhead and larger delay of multiple TA commands. Therefore, slot level alignment seems inefficient to resolve negative TA issue at UEs. For symbol level alignment, one or more symbols shift can be used to overcome the negative TA issue. And slot level alignment can be regarded as a case of symbol level alignment with zero symbol shift. In a word, symbol level alignment seems more flexible than slot level alignment.
Alternatively, TDMed case-1 timing + case-7 timing could also be used to avoid potential negative TA issue for legacy access UEs. For IAB-MT, based on case-1 timing, IAB-MT can adjust its TA for case-7 timing by the TA for case-1 timing with a time offset. 
Based on the above analysis, we have the following observation and proposal related to case-7 timing.
[bookmark: _Toc61861937]Slot level alignment of case-7 timing may require more specification work and have compatibility issues with legacy access UEs.  
[bookmark: _Toc61861917][bookmark: _Toc21903][bookmark: _Toc8166][bookmark: _Toc8785][bookmark: _Toc287]To resolve potential negative TA issue of case-7 timing, the following solutions could be further discussed: 
[bookmark: _Toc19817][bookmark: _Toc12952][bookmark: _Toc22955][bookmark: _Toc61861918][bookmark: _Toc8612]Symbol level alignment between IAB node’s UL-Rx timing and DL-Rx timing   
[bookmark: _Toc31648][bookmark: _Toc24605][bookmark: _Toc15290][bookmark: _Toc61861919][bookmark: _Toc26067]Case-1 timing and case-7 timing operating in TDMed mode
2.2 Power control/sharing for simultaneous operation
RAN1#103-e provided the following agreements on power control/sharing for simultaneous operation [2].
	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.



For an IAB node, it is observed that enhanced DL and UL Tx power control should be further studied in Rel-17.
DL power control for IAB-DU
Similar to UL power control of NR access UEs, the parameters used for DL power control of IAB-DU should be associated with beam information. In practice, DU can use different beams in different time and this would lead to different RX power and DL pathloss at its child node.
[bookmark: _Toc6496][bookmark: _Toc23713][bookmark: _Toc9985][bookmark: _Toc61861920][bookmark: _Toc29428]Beam depended DL power control of IAB-DU should be considered, IAB-DU provides DL power control parameters and associated beam information to child-MTs (e.g., different PC parameters could be associated with different TCI states, or CSI-RSs). 
For simultaneous DU-Rx/MT-Rx at child node, the child node can indicate expected DL Rx power (or equivalent parameters) to its parent node to ensure Rx power balance. Similar to DL power control information provided by IAB-DU to child-MTs, expected DL Rx power should be also associated with beam information.
[bookmark: _Toc25096][bookmark: _Toc17309][bookmark: _Toc11789][bookmark: _Toc61861921][bookmark: _Toc32184]Expected DL Rx power level (or equivalent parameters) and associated beam information could be indicated by child node to IAB node to assist the DL power control of IAB-DU. 
For simultaneous DU-Tx/MT-Tx at IAB node, if MT Tx on backhaul link and DU Tx on access link operate simultaneously and share the same power amplifier, power sharing/coordination between the two links needs to be studied to ensure Tx power balance and keep the total Tx power not higher than the total maximum allowed Tx power. If the total Tx power exceeds the total maximum allowed Tx power of IAB node, some assist information is necessary to control Tx power. For example, the CU can provide maximum allowed power for UL Tx power of IAB-MT and maximum allowed power for DL Tx power of IAB-DU to IAB node to determine the actual Tx power.
[bookmark: _Toc8319][bookmark: _Toc30293][bookmark: _Toc774][bookmark: _Toc15627][bookmark: _Toc61861922]For an IAB node, maximum allowed power for UL Tx power of IAB-MT and maximum allowed power for DL Tx power of IAB-DU can be respectively configured by CU. 
UL power control for child-MT
For UL power control, the power control mechanism of NR access UE can be reused for MT to minimize the impact on specification.
[bookmark: _Toc61861923][bookmark: _Toc2509][bookmark: _Toc7433][bookmark: _Toc32001][bookmark: _Toc8791]UL power control mechanism of NR access UE can be reused for MT. 
For simultaneous DU-Tx/MT-Tx at child node, power sharing/coordination needs to be considered. In this case, the maximum allowed Tx power for child-MT is limited by the maximum allowed Tx power of child node and DL Tx power for child-DU. While parent link and child link of child node are multiplexing in TDM manner, the maximum allowed Tx power for child-MT can equal to the maximum allowed Tx power of child node to make full use of power resources. Therefore, for different multiplexing scenarios or time resources child-MT may have different maximum allowed Tx power. 
For an IAB node performing simultaneous DU-Rx/MT-Rx, it can control UL Tx power of child-MT based on estimated DL Rx power to ensure Rx power balance.
[bookmark: _Toc19125][bookmark: _Toc23266][bookmark: _Toc14931][bookmark: _Toc61861924][bookmark: _Toc371]For UL power control of child-MT, different maximum allowed Tx power per multiplexing scenarios or time domain resources can be reported by child MT to IAB node. 
2.3 CLI and interference measurements for simultaneous operation
RAN1#103-e provided the following interference scenarios for discussion [2].
	Agreement [RAN1 #103-e]:
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.



For inter-IAB interference scenarios, some examples of the adjacent node interference are depicted in Figure 1. 


Figure 1. Adjacent node interference cases
To estimate the interference related to multiplexing Case A (simultaneous MT-Tx/DU-Tx) and multiplexing Case B (simultaneous MT-Rx/DU-Rx), four types of interference as illustrated in Figure 1 should be focused on.  
[bookmark: _Toc23064][bookmark: _Toc3239][bookmark: _Toc15114][bookmark: _Toc61861925][bookmark: _Toc31276]For adjacent node interference, the following interference management should be focused on: 
[bookmark: _Toc8689][bookmark: _Toc23816][bookmark: _Toc17631][bookmark: _Toc61861926][bookmark: _Toc11812]IAB-MT Tx interfering child MT Rx
[bookmark: _Toc12541][bookmark: _Toc2743][bookmark: _Toc6582][bookmark: _Toc2639][bookmark: _Toc61861927]Child MT Tx interfering IAB MT Rx
[bookmark: _Toc22038][bookmark: _Toc30108][bookmark: _Toc1841][bookmark: _Toc28778][bookmark: _Toc61861928]IAB DU Tx interfering parent DU Rx
[bookmark: _Toc30557][bookmark: _Toc61861929][bookmark: _Toc10231][bookmark: _Toc21188][bookmark: _Toc11098]Parent DU Tx interfering IAB DU Rx   
For interference other than adjacent node interference, we don’t see any essential difference between inter IAB node CLI and inter gNB CLI in Rel-15. Other inter-IAB scenarios than adjacent node interference can be expected to be handled by the CLI schemes introduced so far in RAN1. 
[bookmark: _Toc18228][bookmark: _Toc13683][bookmark: _Toc13491][bookmark: _Toc61861930][bookmark: _Toc11583]For inter IAB interference other than adjacent node interference, no enhancement of interference management is desired. 
For the scenario of interference to non-IAB nodes, for the case of IAB-DU to non-IAB-DU(e.g., gNB), there is no fundamental difference to the case of IAB-DU to IAB-DU. For the case of IAB-MT to non-IAB-DU, similar CLI schemes addressing the interference from UE to gNB can be reused. In a word, interference optimization for IAB-DU to non-IAB-DU is not necessary.
[bookmark: _Toc27101][bookmark: _Toc61861931][bookmark: _Toc7787][bookmark: _Toc15564][bookmark: _Toc19593]Enhancement on interference management for IAB to non-IAB-DU is not necessary. 
For self-interference in case of full duplex, as the interfering node and victim node are the same one, it is a reasonable way that the IAB node coordinates interference by implementation.
[bookmark: _Toc1645][bookmark: _Toc61861932][bookmark: _Toc7916][bookmark: _Toc9192][bookmark: _Toc7213]The interference for Intra-IAB-node (self-interference) can be handled by IAB node implementation. 
In RAN1#103-e meeting, the following agreement related to resource and beam coordination was reached[2].
	Agreement [RAN1 #103-e]:
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.



Considering the MT transmission occasion, if following the same logic as access UE, MT transmission can occur in UL/F access slots as in Rel-16. But in Rel-17, considering the IAB node MT’s transmission capability, enhanced power control mechanism and CLI schemes, it is also feasible for MT to transmit in DL access slots too. To support this feature, MT and access UE can be configured/indicated with different resource directions while the legacy resource configuration/indication can be reused. 
[bookmark: _Toc14239][bookmark: _Toc61861933][bookmark: _Toc27104][bookmark: _Toc5066][bookmark: _Toc32099]IAB-node (MT) transmissions can be in DL/UL/F access slots. 
For CLI enhancements some potential techniques were identified in the following agreement[2].
	Agreement [RAN1 #103-e]:
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.)



To support enhanced multiplexing efficiently in Rel-17, For example, Case A multiplexing, adjacent node MT-MT interference and DU-DU interference shown in figure 1 should be taken into consideration. To mitigate these kinds of interference, the interference measurement results should also be exchanged between adjacent nodes. For example, when an IAB node measures a Tx beam from its child node which is suitable to multiplexing Case B, the desired SRI can be informed to the child node. Another example is that when an IAB node measures Rx beam for its parent node which is suitable to multiplexing Case B, the desired TCI can be informed to the parent node.
[bookmark: _Toc10507][bookmark: _Toc61861934][bookmark: _Toc31140][bookmark: _Toc31122][bookmark: _Toc9956]To improve efficiency of resource multiplexing, the desired TCI and desired SRI should be exchanged between IAB node and its parent node, or between IAB node and its child node. 
Timing adjustment for CLI measurement accuracy enhancement was discussed during Rel-16 CLI and this issues is left to UE implementation. We don’t see a strong motivation to enhance it in IAB, so the same principle can be followed, i.e. it is up to MT implementation to adjust the measurement offset.
[bookmark: _Toc9713][bookmark: _Toc11141][bookmark: _Toc16263][bookmark: _Toc8551][bookmark: _Toc61861935]Timing adjustment for enhancements on CLI measurement accuracy can be left to MT implementation. 
Conclusion
According to the discussion above, we provide the following observations and proposals:

Observation 1:	For the solution with TDMed case-1 timing and case-6 timing, there is less specification and compatibility issue.
Observation 2:	Slot level alignment of case-7 timing may require more specification work and have compatibility issues with legacy access UEs.

Proposal 1:	TDMed Case-1 timing and case-6 timing should be supported at least for IAB-nodes operating in multiplexing scenario Case A:
•	DL-Tx timing of case-6 timing would be equivalently derived by DL-Tx timing of case-1 timing
•	Parent node can indicate certain timing is used for UL-Tx timing to IAB-node, i.e., normal TA mechanism is used for UL-Tx timing when IAB-node operate with case-1 timing and DL-Tx timing is used for UL-Tx timing when IAB-node operate with case-6 timing
Proposal 2:	To resolve potential negative TA issue of case-7 timing, the following solutions could be further discussed:
•	Symbol level alignment between IAB node’s UL-Rx timing and DL-Rx timing
•	Case-1 timing and case-7 timing operating in TDMed mode
Proposal 3:	Beam depended DL power control of IAB-DU should be considered, IAB-DU provides DL power control parameters and associated beam information to child-MTs (e.g., different PC parameters could be associated with different TCI states, or CSI-RSs).
Proposal 4:	Expected DL Rx power level (or equivalent parameters) and associated beam information could be indicated by child node to IAB node to assist the DL power control of IAB-DU.
Proposal 5:	For an IAB node, maximum allowed power for UL Tx power of IAB-MT and maximum allowed power for DL Tx power of IAB-DU can be respectively configured by CU.
Proposal 6:	UL power control mechanism of NR access UE can be reused for MT.
Proposal 7:	For UL power control of child-MT, different maximum allowed Tx power per multiplexing scenarios or time domain resources can be reported by child MT to IAB node.
Proposal 8:	For adjacent node interference, the following interference management should be focused on:
•	IAB-MT Tx interfering child MT Rx
•	Child MT Tx interfering IAB MT Rx
•	IAB DU Tx interfering parent DU Rx
•	Parent DU Tx interfering IAB DU Rx
Proposal 9:	For inter IAB interference other than adjacent node interference, no enhancement of interference management is desired.
Proposal 10:	Enhancement on interference management for IAB to non-IAB-DU is not necessary.
Proposal 11:	The interference for Intra-IAB-node (self-interference) can be handled by IAB node implementation.
Proposal 12:	IAB-node (MT) transmissions can be in DL/UL/F access slots.
Proposal 13:	To improve efficiency of resource multiplexing, the desired TCI and desired SRI should be exchanged between IAB node and its parent node, or between IAB node and its child node.
Proposal 14:	Timing adjustment for enhancements on CLI measurement accuracy can be left to MT implementation.
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