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1. Introduction
At RAN#86 meeting, a new WID [1] on “Enhancements to Integrated Access and Backhaul” was approved. The detailed objectives for RAN1 are as follows.
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 discuss enhancements on IAB-node timing mode(s), extensions for DL/UL power control, and cross link interference (CLI) measurement of BH links to support simultaneous operation.

2. Discussion on enhancements on case #6 and #7 timing modes
At the RAN1#103-e meeting, IAB-node timing mode was discussed and following agreements were made [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
Case 6 timing mode operation at an IAB-node is controlled by the parent node to which the UL transmission is intended for.


2.1. Indication of implementing multiple transceivers/antenna panels
In order to support simultaneous operation of transmission and/or reception by IAB-node’s child and parent links, a necessity of additional mechanisms for timing mode is considered, and it is summarized in Table I. As in Rel-16, the indication of the multiplexing capability for the case of no-TDM between IAB MT and IAB DU is provided with respect to each transmission/reception-direction combination (MT-Tx/DU-Tx, MT-Tx/DU-Rx, MT-Rx/DU-Tx, MT-Rx/DU-Rx). If IAB node supports no-TDM for MT-Tx/DU-Rx and/or MT-Rx/DU-Tx, the IAB node needs to have multiple transceivers/antenna panels for the simultaneous MT-Tx/DU-Rx and/or DU-Tx/MT-Rx. If IAB node supports no-TDM for MT-Tx/DU-Tx and/or MT-Rx/DU-Rx, the IAB node may have a single transceiver/antenna panel or multiple transceivers/antenna panels. As summarized in Table I, if IAB node has multiple transceivers/antenna panels, case #1 timing mode is sufficient, since the IAB node may control the timing of transmission and/or reception for DU and MT individually. On the other hand, if IAB node only has a single transceiver/antenna panel, case #6 timing mode is necessary for simultaneous Tx of DU and MT, and case #7 timing mode is necessary for simultaneous Rx of DU and MT. Thus, the parent node needs to be aware of the IAB node implementation of the number of transceivers/antenna panels in order to decide the timing mode.

Proposal 1: Indication of implementing multiple transceivers/antenna panels should be reported.

Table I: Summary on necessity of additional mechanisms for each case of no-TDM
between IAB MT and IAB DU
	Multiplexing
Capability
	TDM
	no-TDM (Rel-17)
	TDM (Rel-16)

	
	MT
	Tx
	Tx
	Rx
	Rx
	Tx
	Tx
	Rx
	Rx

	
	DU
	Tx
	Rx
	Tx
	Rx
	Tx
	Rx
	Tx
	Rx

	Transceiver/
Antenna panel
	Multiple
	Single
	Multiple
	Multiple
	Multiple
	Single
	-
	-
	-
	-

	IAB timing mode
	Case #1
	Case #6
	Case #1
	Case #1
	Case #1
	Case #7
	Case #1
	Case #1
	Case #1
	Case #1



2.2. Case #6 and #7 timing mode
In order to support Case #6 and Case #7 timing modes, Tx timing derivations for both MT UL and DU DL need to be considered. Table II summaries the alternatives for DU and MT Tx timing derivations, and it should be taken into account that MT and DU Tx timing derivations are tightly related, e.g. DU Tx timing is derived by TA (Case #1) for MT Tx timing and T_delta for Case #1 timing mode as in Rel-16. 

In Alt.1, the MT UL Tx timing is controlled by TA for all cases following Rel-15/16 mechanism, and new mechanism for deriving DU DL Tx timing needs to be considered. On the other hand, in Alt.2, DU DL Tx timing is derived by TA for Case #1 and T_delta following Rel-16 mechanism, and new mechanism for controlling MT UL Tx timing needs to be considered for Case #6 and #7. And in Alt.3, the MT UL Tx timing is controlled by TA for all cases following Rel-15/16 mechanism, and DU DL Tx timing is derived by TA for Case #1 and T_delta following Rel-16 mechanism, on the other hand two TAs (Case #1 and Case #6/7) need to be indicated. 

We have to consider the pros and cons of the three alternatives to define the MT and DU Tx timing derivation mechanism, and they should be jointly considered because of the tight relationship. In addition, Tx timing derivation mechanism for Case #6 and #7 need to be considered and the same approach (alternative) should be applied for Case #6 and #7 Tx timing derivation to achieve a unified mechanism.

Proposal 2: MT UL and DU DL Tx timing should be jointly considered, and same approach should be applied for Case #6 and #7

Table II: Summary of alternatives for IAB-DU and IAB-MT Tx timing derivations
	
	Case
	MT Tx timing
	DU Tx timing
	Pros
	Cons

	Rel-16
	Case #1
	TA (Case #1)
	TA (Case #1) and T_delta
	
	

	Alt 1
	MT Tx timing is derived by TA
	Case #6
	TA (Case #6)
	TA (Case #6)
	Follow Rel-16 MT Tx timing derivation
	New parameter (T_offsetA) is necessary instead of T_delta

	
	
	Case #7
	TA (Case #7)
	TA (Case #7) and T_offsetA
	
	

	Alt 2
	DU Tx timing is derived by 
TA(Case #1) + T_delta
	Case #6
	TA (Case #1) and T_delta
	TA (Case #1) and T_delta
	Follow Rel-16 DU Tx timing derivation
	Additional parameter (T_offsetB) is necessary

	
	
	Case #7
	TA (Case #1) and T_delta and T_offsetB
	TA (Case #1) and T_delta
	
	

	Alt 3
	MT Tx timing is derived by TA
DU Tx timing is derived by TA + T_delta
	Case #6/#7
	TA (Case #6/#7)
	TA (Case #1) and T_delta
	Follow Rel-16 MT and DU Tx timing derivation
	2 TAs are necessary





Dynamic switching among different timing modes needs to be considered, e.g. Case #6 timing mode is applied for the time resources with simultaneous operation of MT and DU transmission, and Case #1 timing mode is applied for the time resources with non-simultaneous operation. Therefore, switching mechanism needs to be considered, e.g., parent node indicates timing modes together with TA and/or the timing modes can be indicated by offset parameter types (T_delta/T_offsetA/T_offsetB).

Proposal 3: Mechanism of dynamic switching among different timing modes needs to be considered.

2.3. Symbol level or slot level alignment for Case #7 timing mode
At the RAN1#103-e meeting, IAB-node timing mode was discussed and following agreements were made for Case #7 timing mode [2].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


Discussion for symbol level or slot level alignment is one of the discussion points for Case #7 timing alignment. Figure 1 shows an example of case #7 timing mode with slot level and symbol level alignments. As shown in Fig.1 (a), negative TA value needs to be supported for the slot level alignment when the propagation delay 2 (between IAB node and the parent node) is less than half of the propagation delay 1 (between the grandparent node and the parent node). On the other hands, the negative TA value is not necessary for the symbol level alignment as shown in Fig.1 (b). 

Resource conflict between IAB-MT and IAB-DU caused by timing misalignment at MT Tx/Rx and DU Tx/Rx switching is concerned for the slot level and symbol level timing alignment for Case #7 timing mode, as well as that for Case #1 timing mode, and the guard symbols, specified for the conflict resolution, help to avoid the resource conflict as in Rel-16. For the symbol level alignment, the conflict happens at DU DL Tx to DU UL Rx switching, so that the guard symbols configured by TDD pattern also resolve the resource conflict. 

Thus, the symbol level alignment is achieved by less specification impact without supporting the negative TA values, and may provide efficient resource management for IAB-node. 

Observation 1: Symbol level alignment is achieved by less specification impact and may provide efficient resource management for IAB-node.

[image: ]
(a) Slot level alignment
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(b) Symbol level alignment
Figure 1: DU and MT Tx/Rx timing of Case #7 timing mode

3. Discussion on power adjustment between DU and MT
At the RAN1#103-e meeting, IAB-node power adjustment was discussed and following agreement was made [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.


3.1. Downlink power control for IAB-node receiver
Figure 2 shows the received power at IAB MT and DU. As shown in Fig.2, the received power difference between MT and DU may need to be reduced for interference control under specific scenarios, e.g., where IAB node has a single transceiver/antenna panel for the simultaneous reception. IAB node can control the DU UL Rx power by controlling UL Tx power of its child node/UE. On the other hand, IAB node may need to ask the parent node to adjust the DL Tx power under specific scenarios, e.g. when received power at IAB MT is much higher than that at IAB DU. Thus, an assistant information for DL Tx power control at patent node can be reported by IAB node for simultaneous MT and DU reception.

Proposal 4: Assistant information for DL power control at parent node can be semi-statically and/or dynamically reported by IAB-node for simultaneous MT and DU reception.
· Assistance information for DL power of parent node can be semi-statically and/or dynamically reported by IAB-node for simultaneous MT and DU reception, e.g. IAB-node configures a target DL received power at MT based on a target/actual UL received power at DU, and reports target DL received power/DL power information to a parent node.

[image: ]
Figure 2: Received power at IAB DU and MT.

3.2. Uplink power control for IAB-node transmission
For the simultaneous operation of MT and DU transmission by IAB-node’s child and parent links using a single antenna panel or transceiver with FDM, the Tx power difference between MT and DU needs to be smaller, since out of band emission of the stronger signal may degrade the weaker signal. Therefore the simultaneous child and parent links transmission may impact on the transmission condition, e.g. PCMAX and PHR, of the parent link. The transmission power of MT for the parent link is controlled by the parent node, therefore the parent node need to know the transmission configuration for both simultaneous and non-simultaneous operations of MT and DU transmission. 

Observation 2: Additional information for UL power control at parent node can be considered for simultaneous and non-simultaneous operations of MT and DU transmission with different transmission configurations.

4. Discussion on cross link interference (CLI) for IAB
At the RAN1#103-e meeting, interference management for IAB-node was discussed and following agreement was made [2].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.)


CLI for IAB is one of the discussion points for Rel-17 IAB discussion, and CLI for IAB is shown in Fig.3. As shown in Fig.3, interference due to DL signals transmitted by IAB node DU may be handled by using mechanism of inter IAB node discovery and measurements as in Rel-16, e.g. if DU Tx power of IAB node #1 is too strong for IAB node #0, IAB node #0 may change the parent link connection to IAB node #1 based on the inter IAB node measurement. Also, interference due to UL signals transmitted by IAB-node MT may be handled by using mechanism of CLI as in Rel-16, e.g. IAB node #0 may measure SRS transmitted by IAB node #1 MT and report SRS RSRP to provide the information whether the IAB node #1 MT Tx power is sufficient for IAB node #0 or not. Therefore, no additional mechanism may be necessary for the CLI for IAB.

Proposal 5: No additional mechanism is necessary for cross link interference for IAB.

[image: ]
Figure 3: Cross link interference for IAB

5. Conclusion
In this contribution, we discussed enhancements on IAB-node timing mode(s), extensions for DL/UL power control, and cross link interference (CLI) measurement of BH links to support simultaneous operation. Based on the discussion, we made following proposals.
Proposal 1: Indication of implementing multiple transceivers/antenna panels should be reported.

Proposal 2: MT UL and DU DL Tx timing should be jointly considered, and same approach should be applied for Case #6 and #7

Observation 1: Symbol level alignment is achieved by less specification impact and may provide efficient resource management for IAB-node.

Proposal 3: Mechanism of dynamic switching among different timing mode needs to be considered.

Proposal 4: Assistant information for DL power control at parent node can be semi-statically and/or dynamically reported by IAB-node for simultaneous MT and DU reception.
· Assistance information for DL power of parent node can be semi-statically and/or dynamically reported by IAB-node for simultaneous MT and DU reception, e.g. IAB-node configures a target DL received power at MT based on a target/actual UL received power at DU, and reports target DL received power/DL power information to a parent node.

Observation 2: Additional information for UL power control at parent node can be considered for simultaneous and non-simultaneous operations of MT and DU transmission with different transmission configurations.

Proposal 5: No additional mechanism is necessary for cross link interference for IAB.
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