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[bookmark: OLE_LINK1]Introduction
Regarding SDM/FDM-based resource management, RAN1#98bis-RAN1#99 have made the following agreements. [1]-[2]. 
· The donor CU and the parent node can be made aware of the multiplexing capability between MT and DU (TDM required, TDM not required) of an IAB node to for any {MT CC, DU cell} pair.
· Signaling details up to RAN2/RAN3.
· The indication of the multiplexing capability for the case of no-TDM between IAB MT and IAB DU is additionally provided with respect to each transmission-direction combination (per MT CC/DU cell pair):
· MT-TX/DU-TX
· MT-TX/DU-RX 
· MT-RX/DU-TX
· MT-RX/DU-RX
Note: This agreement does not require any additional specification impact in RAN1 in Rel-16, i.e. in Rel-16 the behaviour of the IAB node is only defined for TDM cases. The behaviour for no-TDM is left to IAB-node/network implementation in Rel-16.
Regarding guard symbols for transitions between an IAB MT and co-located IAB DU, RAN1#98bis-RAN1#99 have made the following agreements. [1]-[2]. 
· [bookmark: _Hlk22168000]A parent IAB node can be made aware of the number of symbols Ng the child IAB node would like the parent IAB node not to use at the edge (beginning or end) of a slot when there is a transition between child MT and child DU. Separately or additionally, the child IAB node can be made aware of the number of guard symbols that the parent IAB node will provide.
· Ng can be provided for each of the [8] possible transitions with potential overlap:
	MT to DU
	DL Tx
	UL Rx

	DL Rx
	
	

	UL Tx
	
	

	DU to MT
	DL Rx
	UL Tx

	DL Tx
	
	

	UL Rx
	
	



· If Ng is not provided it is assumed to be 0
NOTE: this agreement does not introduce any performance requirement on IAB nodes.
· Desired Guard Symbols and Provided Guard Symbols are provided per cell and use 3 bits for each of the 8 transitions to indicate the number of guard symbols.
· Ng can be provided for each of the [8] possible transitions with potential overlap:
· In Rel-16, a range of 0-4 symbols are supported for each transition. Additional entries are reserved for future use
· A new parameter GuardSymbol-SCS is also provided which indicates the reference SCS (FR1: {15kHz, 30kHz, 60kHz}, FR2: {60kHz, 120kHz}) to be used for the guard symbols.
In this contribution, based on those discussion and agreements, we further elaborate on mechanisms for resource multiplexing among backhaul and access link. 
Timing alignment for MT/DU simultaneous operation
[bookmark: _Ref510628869]In Rel-16, the IAB discussion are focused on supporting TDM based DU function and MT function within an IAB node In Rel-17 WID [3], there are duplexing enhancements to support 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). 
MT TX/DU TX 
In Figure 1, we show the timing relationship if simultaneous operation of MT TX/DU TX is supported. The DU TX timing needs to be aligned with its parent-DU TX timing, and the MT TX timing has timing advance control (with parent link propagation delay ) regarding MT RX timing. The MT TX timing is shown in blue block in the figure and the corresponding parent-DU RX timing is also shown in blue block. 
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Figure 1: MT TX/DU TX timing alignment illustration

There are two timing alignment schemes for simultaneous operation of MT TX/DU TX. One scheme is with slot alignment, which means MT TX slot and DU TX slot need to be shifted to start and end at the same time. To fulfil with slot alignment for MT TX/DU TX, since DU TX timing is fixed, MT TX timing needs to be shifted (delayed)  as the red block (MT TX shifted) in the figure and the corresponding parent-DU RX shifted timing is also shown in red block. 
Another scheme for simultaneous operation of MT TX/DU TX is without slot alignment, which means MT TX and DU TX are not shifted and only the overlapping symbols (shaded in Figure 1) are simultaneously transmitted. This has the benefit that current TA control mechanism and timing relationship between IAB node and its parent node can be remained. 


MT RX/DU RX
In Figure 2, we show the timing relationship if simultaneous operation of MT RX/DU RX is supported. The MT RX timing is related to parent link propagation delay . The child-MT TX has timing advance control (with child link propagation delay ) regarding child MT RX timing. The child MT TX timing is shown in green block in the figure and the corresponding DU RX timing is also shown in green block. The DU RX timing is  ahead of DU TX timing and + ahead of MT RX timing. 
[image: ]
Figure 2: MT RX/DU RX timing alignment illustration

In with slot alignment scheme, since MT RX timing is fixed, DU RX timing needs to be shifted (delayed)  + as the red block (DU RX shifted) in the figure and the corresponding child-MT TX shifted timing is also shown in red block. We can observe that in order to fulfil slot alignment for MT RX/DU RX simultaneous operation, the child MT needs to know the parent backhaul propagation delay , which needs additional signalling. 
In without slot alignment scheme, current TA control mechanism and timing relationship between parent IAB node, IAB node and its child node can be remained. 

MT RX/DU TX
In Figure 3, we show the timing relationship if simultaneous operation of MT RX/DU TX is supported. The MT RX timing is related to parent link propagation delay . The DU TX timing is aligned with its parent DU TX timing. 
[image: ]
Figure 3: MT RX/DU TX timing alignment illustration

For MT RX/DU TX simultaneous operation, the slot alignment scheme is not possible, since MT RX and DU TX timing are both fixed and cannot be shifted. Hence, only w/o slot alignment scheme can be supported for MT RX/DU TX simultaneous operation. 

MT TX/DU RX
In Figure 4, we show the timing relationship if simultaneous operation of MT TX/DU RX is supported. The MT TX timing has timing advance control (with parent link propagation delay )  and is  ahead of DL TX timing. Similarly, the child MT TX timing has timing advance control (with child link propagation delay )  and is  ahead of DL TX timing. Hence, the DU RX timing is  ahead of DL TX timing as shown in the figure. 
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Figure 4: MT TX/DU RX timing alignment illustration

In with slot alignment scheme, there are two ways to shift: either shift DU RX block ahead of time (“DU RX shifted 1” in red block) or shift MT TX behind time (“MT TX shifted 2”). The corresponding “child-MT TX shifted 1” block and corresponding “parent-DU RX shifted 2” block are also shown in red. The shifting distance is  . For child-MT TX shifting, we can observe that in order to fulfil shifted alignment for MT TX/DU RX simultaneous operation, the child MT needs to know the parent backhaul propagation delay  and the parent timing advance parameter , which needs additional signalling. 
In without slot alignment scheme, no timing adjustment is needed. Current TA control mechanism and timing relationship between parent IAB node, IAB node and its child node can be remained. 
With the timing alignment analysis of the four simultaneous operations, with slot alignment scheme breaks TA control mechanisms and timing relationship between parent IAB node, IAB node and its child node. In some cases, either additional signalling is required or even cannot be supported at all.  Hence, w/o slot alignment scheme is preferred for simultaneous operation of IAB-node’s child and parent links. No additional timing adjustment is needed and current TA control mechanism, timing relationship between parent IAB node, IAB node and its child node can be remained. 



Observation 1: For the simultaneous operations of IAB-node’s child and parent links: 
· MT RX/DU RX: With slot alignment, the child MT needs to know the parent backhaul propagation delay , which needs additional signaling.
· MT RX/DU TX: Slot alignment scheme is not possible and cannot be supported. 
· MT RX/DU RX: There are two ways to fulfill with slot alignment scheme and in one of the two ways, the child MT needs to know the parent backhaul propagation delay  and the parent timing advance parameter , which needs additional signaling. 
Proposal 1: For simultaneous operation of IAB-node’s child and parent links, w/o slot alignment scheme is preferred. No additional timing adjustment is needed and current TA control mechanism, timing relationship between parent IAB node, IAB node and its child node can be remained. 
Resource Transition Guard symbols for MT/DU simultaneous operation
[bookmark: _Ref510629010]In one IAB node, the co-located IAB DU and IAB MT may have resource transition in the adjacent slots. For an IAB node that only support TDM between parent backhaul and child links, Ng are provided for each of the eight possible transitions with potential overlaps [1]-[2]. 
However, if simultaneous operation between parent backhaul and child links is supported, some guard symbol restriction defined to support TDM only scenario can be removed. As an example, when simultaneous operation of MT TX/DU TX is supported, we show the eight possible transitions with MT TX/DU TX at slot n in Figure 5.  
[image: ]
Figure 5: Eight resource transition cases with MT TX/DU TX at slot n
For Case A1/A2, when MT TX/DU TX at slot n followed by MT TX or DU TX at slot n+1, since simultaneous operation of MT TX/DU TX is supported, the transition guard symbols of DU TX to MT TX in the Ng table can be removed. Case A5 can also be proceeded without any MT TX to DU TX or DU TX to MT TX guard symbols restriction. 
For Case A3, when MT TX/DU TX at slot n followed by MT RX at slot n+1, whether guard symbols are needed depends on whether simultaneous operation of DU TX/MT RX is supported. If it is supported, the transition guard symbols of DU TX to MT RX in the Ng table can be removed. Otherwise the transition guard symbol rule for DU TX to MT RX still needs to be followed.    
For Case A4, when MT TX/DU TX at slot n followed by DU RX at slot n+1, whether guard symbols are needed depends on whether simultaneous operation of MT TX/DU RX is supported. If it is supported, the transition guard symbols of MT TX to DU RX in the Ng table can be removed. Otherwise the transition guard symbol rule for MT TX to DU RX still needs to be followed. 
For Case A6, when MT TX/DU TX at slot n followed by simultaneous operation of MT TX/DU RX (which indicates this operation is supported), the transition guard symbols of both MT TX to DU RX and DU TX to MT TX in the Ng table should be removed. 
For Case A7, when MT TX/DU TX at slot n followed by simultaneous operation of MT RX/DU TX (which indicates this operation is supported), the transition guard symbols of both MT TX to DU TX and DU TX to MT RX in the Ng table should be removed. 
For Case A8, when MT TX/DU TX at slot n followed by simultaneous operation of MT RX/DU RX (which indicates this operation is supported), the transition guard symbols of MT TX to DU RX and DU TX to MT RX in the Ng table still need to be followed, unless the simultaneous operation of MT TX/DU RX and DU TX/MT RX are additionally supported. 
Similarly, we can analysis the eight transition cases with MT RX/DU RX at slot n, eight transition cases with MT RX/DU TX at slot n, and eight transition cases with MT TX/DU RX at slot n. The common ground is that when one of the simultaneous operations is supported, the related transition guard symbols (desired and provided) are not needed. We show the summary in the following Table 1.  
Table 1 Guard symbols removal with different simultaneous operations
	MT to DU
	DL Tx
	UL Rx

	DL Rx
	Remove Ng if MT RX/DU TX is supported
	Remove Ng if MT RX/DU RX is supported

	UL Tx
	Remove Ng if MT TX/DU TX is supported
	Remove Ng if MT TX/DU RX is supported

	DU to MT
	DL Rx
	UL Tx

	DL Tx
	Remove Ng if MT RX/DU TX is supported 
	Remove Ng if MT TX/DU TX is supported

	UL Rx
	Remove Ng if MT RX/DU RX is supported
	Remove Ng if MT TX/DU RX is supported



Proposal 2: When one of the SDM/FDM multiplexing mode (MT Tx/DU Tx, MT Tx/DU Rx, MT Rx/DU Tx, MT Rx/DU Rx) is supported, the corresponding transition guard symbols (desired and provided) are not needed, as summarized in Table 1.  
Per-link DU Resource Configuration to Support Dual-Connectivity Scenarios
RAN1#97 has agreed that for the semi-static DU resource configurations, the resources are configured on a per DU (cell) basis and indication of additional supplemental per-link resource configuration is FFS [4]. In Rel-17 WID [3], one objective is to support dual-connectivity scenarios defined by RAN2/RAN3 in the context of topology redundancy for improved robustness and load balancing. 
In order to support dual-connectivity scenarios, where one IAB MT is connected to multiple parent DUs, link-specific resource configuration can differentiate the IAB MT with dual-connectivity from other IAB MTs and coordinate resource configurations between the IAB MT’s multiple parent DUs. Per-link DU resource configuration has additional benefit in interference management (for example, by setting not available (NA) resource in a specific link) of adjacent links with different parent DUs. Furthermore, the D/U/F/H/S/NA configuration for each child IAB DU can be different depending on its own semi-static child DU resource configuration, which makes the resource available for each child IAB MT different from each other, hence the per-link resource configuration at an IAB DU can be more flexible to satisfy the different resource availability of each child IAB MT. 
Proposal 3: For the semi-static DU resource configurations, support additional supplemental per-link configuration.  

Conclusion
In this contribution, we discussed mechanisms to support simultaneous operation of IAB-node’s child and parent links.  It is summarized by the following observations and proposals. 
Observation 1: For the simultaneous operations of IAB-node’s child and parent links: 
· MT RX/DU RX: With slot alignment, the child MT needs to know the parent backhaul propagation delay , which needs additional signaling.
· MT RX/DU TX: Slot alignment scheme is not possible and cannot be supported. 
· MT RX/DU RX: There are two ways to fulfill with slot alignment scheme and in one of the two ways, the child MT needs to know the parent backhaul propagation delay  and the parent timing advance parameter , which needs additional signaling. 
Proposal 1: For simultaneous operation of IAB-node’s child and parent links, w/o slot alignment scheme is preferred. No additional timing adjustment is needed and current TA control mechanism, timing relationship between parent IAB node, IAB node and its child node can be remained. 
Proposal 2: When one of the SDM/FDM multiplexing mode (MT Tx/DU Tx, MT Tx/DU Rx, MT Rx/DU Tx, MT Rx/DU Rx) is supported, the corresponding transition guard symbols (desired and provided) are not needed, as summarized in Table 1.  
Proposal 3: For the semi-static DU resource configurations, support additional supplemental per-link configuration.  
References
[1] Chairman’s Notes RAN1#98bis, Chongqing, China, Oct. 2019.
[2] Chairman’s Notes RAN1#99, Reno, USA, Nov. 2019.
[3] RP-201293, “New WID on enhancements to integrated access and backhaul”, RAN#88e, July 2020.
[4] Chairman’s Notes RAN1#97, Reno, USA, May 2019.
4

image3.jpg
Parent-DU TX





image4.jpeg
g MT TX shifted 2

Child-MT TX

Shifting distance: AS = (TA, — T,o) — (TA — 2T,,)




image5.jpg
DLTx DLTx
Timing | Tirwing |
i slotn slot n+1 slot n slot n+1
I »le | = >
T MIT Tx I | MT Tx I
DU Tx ! DU Tx '
DU | i |
| MT Tx | i — MT Tx |
ase
I Casehl T [ —— DU Tx
I | | |
I I [ I
I MT Tx ! | MT Tx |
DU Tx ! DU Tx :
| DU Tx | MT Tx |
| Case A2 | Case A6 |
em— | DU Rx
| | | | |
| | | : |
MT Tx | | MT Tx I
DUTx : DUTx :
| MT Rx I MTR
| Case A3 | | Case A7 ¥
| | | DU Tx
I | [
I | | | I
| I I
MT Tx i MT Tx i
DU Tx | DU Tx |
f
| MT Rx
DU Rx | Case A8
Case A4 | DU Rx
|
|





image1.jpg
DL TX Timing

Parent-DU TX

Parent-DU RX

 — Parent-DU RX shifted
TA, — 2Tp0 Tpo
TA,
g >
TAo — Tpo Tpo
<—><—> MT RX

MT TX shifted





image2.jpeg
.

///





