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Introduction
In RAN #88e, the following objectives of IAB work item regarding resource multiplexing were agreed [1]:
	· Specification of enhancements to the resource multiplexing between child and parent links of an IAB node, including:
· 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.



In this contribution, we present our initial views on the prioritization of the different simultaneous operation modes and the dual-connectivity scenarios. Furthermore, the baseline for the IAB simultaneous operation discussion is addressed; and the potential enhancement to DU configuration, regarding simultaneous operations, is discussed.
Please see our accompanying papers on other enhancements for simultaneous child and parent link operation in IAB [2] and a general overview of the Rel-17 IAB WI [3].
Simultaneous operation
Prioritization of operation modes
Figure 1 shows the four simultaneous operation cases described in the IAB WID [1]:
Case 1: Simultaneous MT and DU TX, or half-duplex transmission
Case 2: Simultaneous MT and DU RX, or half-duplex reception
Case 3: Simultaneous MT RX and DU TX, or downstream full-duplex
Case 4: Simultaneous MT TX and DU RX, or upstream full-duplex
[image: ]
[bookmark: _Ref45570110]Figure 1: Four simultaneous operation cases from the IAB WID.

In an IAB context, IAB half-duplex refers to
· No simultaneous DU transmission (downlink) and MT reception (downlink), i.e., Case 3, or
· No simultaneous DU reception (uplink) and MT transmission (uplink), i.e., Case 4
which is different from the classic half-duplex on link level, i.e., no simultaneous Tx and Rx on the same link. Regarding the above four simultaneous-operation cases, Case 1 (simultaneous MT and DU TX) and Case 2 (simultaneous MT and DU RX) are characterized as IAB half-duplex operations, also referred to as transmitter side and receiver side IAB FDM/SDM, respectively [4], see Figure 1. Technically, IAB FDM/SDM is feasible with today’s hardware, and thereby, enhancement to resource multiplexing for IAB FDM/SDM operations should be prioritized in Rel-17.

[bookmark: _Toc45556920][bookmark: _Toc45557143][bookmark: _Toc45569693][bookmark: _Toc45569738][bookmark: _Toc45569902][bookmark: _Toc45626237][bookmark: _Toc45627446][bookmark: _Toc45639179][bookmark: _Toc45639247][bookmark: _Toc45698715][bookmark: _Toc45698528][bookmark: _Toc45698540][bookmark: _Toc45784683][bookmark: _Toc45785257][bookmark: _Toc45786033][bookmark: _Toc46151861][bookmark: _Toc46734756][bookmark: _Toc47527059][bookmark: _Toc47686289][bookmark: _Toc47690387][bookmark: _Toc47691757][bookmark: _Toc47692219][bookmark: _Toc47692312][bookmark: _Toc47693428][bookmark: _Toc47702391][bookmark: _Toc47702954][bookmark: _Toc47708270][bookmark: _Toc47714238][bookmark: _Toc47733727][bookmark: _Toc47734081]Simultaneous transmission based on FDM/SDM principles, i.e., half-duplex transmission, and simultaneous reception based on FDM/SDM principles, i.e., half-duplex reception, are technically feasible and should be RAN 1’s priority in Rel-17.

The simultaneous operation Case 3 (simultaneous MT RX and DU TX) and Case 4 (simultaneous MT TX and DU RX) are characterized as IAB full-duplex operations, which are technically challenging even with separate Tx/Rx antenna panels, see Figure 1. A basic foundation of IAB full-duplex is that the intra-node interference can be sufficiently suppressed and the IAB-MT and IAB-DU are able to operate relatively independently. From the resource coordination point of view, no additional spec impact is expected. In practice, IAB full-duplex nodes will cause significant interference to nodes in the same network that are not supporting full-duplex and possibly also outside the network. Except for some special scenarios, e.g., deployment in an isolated environment, current performance of full-duplex operation is questionable. Based on the above observations, we think simultaneous mixed operation of transmit and receive, i.e., IAB full-duplex, should not be prioritized in Rel-17. 

[bookmark: _Toc45556921][bookmark: _Toc45557144][bookmark: _Toc45569694][bookmark: _Toc45569739][bookmark: _Toc45569903][bookmark: _Toc45626238][bookmark: _Toc45627447][bookmark: _Toc45639180][bookmark: _Toc45639248][bookmark: _Toc45698716][bookmark: _Toc45698529][bookmark: _Toc45698541][bookmark: _Toc45784684][bookmark: _Toc45785258][bookmark: _Toc45786034][bookmark: _Toc46151862][bookmark: _Toc46734757][bookmark: _Toc47527060][bookmark: _Toc47686290][bookmark: _Toc47690388][bookmark: _Toc47691758][bookmark: _Toc47692220][bookmark: _Toc47692313][bookmark: _Toc47693429][bookmark: _Toc47702392][bookmark: _Toc47702955][bookmark: _Toc47708271][bookmark: _Toc47714239][bookmark: _Toc47733728][bookmark: _Toc47734082]Simultaneous MT RX and DU TX, i.e., downstream full-duplex, and simultaneous MT TX and DU RX, i.e., upstream full-duplex, are not prioritized in Rel-17.

Simultaneous operation with respect to TDD patterns
Simultaneous operation of an IAB-node involves different entities in the network. For example, simultaneous reception may come from a parent IAB-DU and a child IAB-MT, or from a parent IAB-DU and a served UE, or both. Which case(s) to consider matters to the related discussions such as power control and CLI since we should minimize the impact on legacy systems. 
Taking the TDD pattern into consideration, two IAB scenarios have been discussed in RAN4 [5], which are summarized in Table 1. Scenario 1 has both DL backhaul and DL access in the DL part of the TDD pattern, and has both UL backhaul and UL access in the UL part of the TDD pattern. Scenario 2 has DL backhaul, UL backhaul and DL access in the DL part of the TDD pattern and has only UL access transmission in the UL part of the TDD pattern. Considering that the MT transmission, i.e., UL backhaul, is also a transmission from a network node, and since the IAB network is not necessarily isolated, having MT transmission in the UL part of the TDD pattern as in Scenario 1 may create substantial interference (in standard deployments) outside the IAB network, e.g., to non-IAB nodes operating on the same carrier, and even in other operators’ network on adjacent carriers. Therefore, it is preferable to have the MT transmission located in the DL part of the TDD pattern as in Scenario 2. Furthermore, Table 1 clearly shows that at a certain time slot the desired simultaneous transmission and/or reception in an IAB-node can only occur in Scenario 2.

[bookmark: _Ref45283694]Table 1: Two IAB scenarios considered by RAN4
	
	
	DL part of TDD pattern
	UL part of TDD pattern

	Scenario 1
	IAB-MT
	RX
	TX

	
	IAB-DU
	TX
	RX

	
	UE
	RX
	TX

	Scenario 2
	IAB-MT
	RX or TX
	

	
	IAB-DU
	RX or TX
	

	
	UE
	RX
	TX
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[bookmark: _Toc45522960][bookmark: _Toc45629710][bookmark: _Toc45631276][bookmark: _Toc45636683][bookmark: _Toc45639177][bookmark: _Toc45639245][bookmark: _Toc45698712][bookmark: _Toc45698526][bookmark: _Toc45698538][bookmark: _Toc45784680][bookmark: _Toc45785254][bookmark: _Toc45786030][bookmark: _Toc46151858][bookmark: _Toc46734753][bookmark: _Toc47527056][bookmark: _Toc47686286][bookmark: _Toc47690384][bookmark: _Toc47691754][bookmark: _Toc47692216][bookmark: _Toc47692309][bookmark: _Toc47693425][bookmark: _Toc47702388][bookmark: _Toc47702951][bookmark: _Toc47708267][bookmark: _Toc47714235][bookmark: _Toc47733724][bookmark: _Toc47734078]Simultaneous TX/RX of an IAB-node is not feasible in RAN4 IAB Scenario 1 where the IAB-MT transmits in UL slots while the IAB-DU transmits in DL slots and the IAB-MT receives in DL slots while the IAB-DU receives in UL slots.

[bookmark: _Toc45285514][bookmark: _Toc45522961][bookmark: _Toc45629712][bookmark: _Toc45631278][bookmark: _Toc45636685][bookmark: _Toc45639181][bookmark: _Toc45639249][bookmark: _Toc45698717][bookmark: _Toc45698530][bookmark: _Toc45698542][bookmark: _Toc45784685][bookmark: _Toc45785259][bookmark: _Toc45786035][bookmark: _Toc46151863][bookmark: _Toc46734758][bookmark: _Toc47527061][bookmark: _Toc47686291][bookmark: _Toc47690389][bookmark: _Toc47691759][bookmark: _Toc47692221][bookmark: _Toc47692314][bookmark: _Toc47693430][bookmark: _Toc47702393][bookmark: _Toc47702956][bookmark: _Toc47708272][bookmark: _Toc47714240][bookmark: _Toc47733729][bookmark: _Toc47734083]RAN4 IAB Scenario 2 is adopted as the baseline for IAB simultaneous-operation discussion.

In either scenario, the simultaneous-reception case as shown in Figure 2 is not feasible as the IAB-MT receives from the parent node in DL slots while the IAB-DU receives from the served UE(s) in UL slots.
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[bookmark: _Ref45286858]Figure 2: Infeasible simultaneous reception case.

[bookmark: _Toc45285515][bookmark: _Toc45522962][bookmark: _Toc45629713][bookmark: _Toc45631279][bookmark: _Toc45636686][bookmark: _Toc45639182][bookmark: _Toc45639250][bookmark: _Toc45698718][bookmark: _Toc45698531][bookmark: _Toc45698543][bookmark: _Toc45784686][bookmark: _Toc45785260][bookmark: _Toc45786036][bookmark: _Toc46151864][bookmark: _Toc46734759][bookmark: _Toc47527062][bookmark: _Toc47686292][bookmark: _Toc47690390][bookmark: _Toc47691760][bookmark: _Toc47692222][bookmark: _Toc47692315][bookmark: _Toc47693431][bookmark: _Toc47702394][bookmark: _Toc47702957][bookmark: _Toc47708273][bookmark: _Toc47714241][bookmark: _Toc47733730][bookmark: _Toc47734084]RAN1 to exclude simultaneous-operation discussion for the case when an IAB-node simultaneously receives from the parent IAB-DU and from a served UE.

With the above proposals, the IAB timing Case-6 and Case-7 as discussed in [2] will not have any impact on legacy UE performance from an interference perspective.
Enhancements to IAB-DU configuration
In RAN1#98bis, the following agreement on IAB multiplexing capability were reached [6]:
	Agreements:
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.


It further agreed in RAN1#99 [7] that: 
	Agreements:
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.



It is observed that for an {MT CC, DU cell} pair where the IAB-node is no-TDM capable, the time-domain DU resources are implicitly Soft with respect to the corresponding MT CC. It can be interpreted as follows:
· regarding the implicit Soft DU resource, the parent node could assume that the corresponding MT resource is available, and 
· the no-TDM capability enables the DU to use the soft resource simultaneously without impacting the MT.

[bookmark: _Toc23236754][bookmark: _Toc23238159][bookmark: _Toc23238608][bookmark: _Toc23255579][bookmark: _Toc23258009][bookmark: _Toc23258402][bookmark: _Toc23319280][bookmark: _Toc45629711][bookmark: _Toc45631277][bookmark: _Toc45636684][bookmark: _Toc45639178][bookmark: _Toc45639246][bookmark: _Toc45698713][bookmark: _Toc45698527][bookmark: _Toc45698539][bookmark: _Toc45784681][bookmark: _Toc45785255][bookmark: _Toc45786031][bookmark: _Toc46151859][bookmark: _Toc46734754][bookmark: _Toc47527057][bookmark: _Toc47686287][bookmark: _Toc47690385][bookmark: _Toc47691755][bookmark: _Toc47692217][bookmark: _Toc47692310][bookmark: _Toc47693426][bookmark: _Toc47702389][bookmark: _Toc47702952][bookmark: _Toc47708268][bookmark: _Toc47714236][bookmark: _Toc47733725][bookmark: _Toc47734079]	For an {MT CC, DU cell} pair where the IAB-node is indicated no-TDM capable, DU time-domain resources are implicitly Soft with respect to the corresponding MT CC.

The reason for introducing H/S/NA configuration to DU time-domain resources in the IAB network is to enable intra-IAB-node MT/DU coordination in light of IAB-node half-duplex constraints and to provide higher flexibility in resource utilization between the MT and DU of an IAB-node. When TDM is not required at an IAB-node, i.e., the IAB-node is capable of simultaneous operation, configuring Hard or Soft to the DU does not lead to different MT and DU behaviours and configuring NA to the DU reduces resource utilization. Since the IAB-donor-CU, which provides the DU’s H/S/NA configurations, can be made aware of the IAB multiplexing capability between MT and DU for any {MT CC, DU cell} pair, specifically configuring H/S/NA to the IAB-DU when TDM is not required becomes unnecessary, which wastes configuration and signaling resources, increases complexity and in some cases leads to low resource utilization.

[bookmark: _Toc21012716][bookmark: _Toc21013637][bookmark: _Toc21013978][bookmark: _Toc21073572][bookmark: _Toc21073714][bookmark: _Toc21073991][bookmark: _Toc21079339][bookmark: _Toc21096936][bookmark: _Toc21096967][bookmark: _Toc21097364][bookmark: _Toc21097511][bookmark: _Toc21097560][bookmark: _Toc21098318][bookmark: _Toc21111686][bookmark: _Toc22566707][bookmark: _Toc22646258][bookmark: _Toc22649869][bookmark: _Toc22893286][bookmark: _Toc22894168][bookmark: _Toc23164373][bookmark: _Toc23164665][bookmark: _Toc23236756][bookmark: _Toc23238161][bookmark: _Toc23238610][bookmark: _Toc23255581][bookmark: _Toc23258011][bookmark: _Toc23258404][bookmark: _Toc23319282][bookmark: _Toc45629714][bookmark: _Toc45631280][bookmark: _Toc45636687][bookmark: _Toc45639183][bookmark: _Toc45639251][bookmark: _Toc45698719][bookmark: _Toc45698532][bookmark: _Toc45698544][bookmark: _Toc45784687][bookmark: _Toc45785261][bookmark: _Toc45786037][bookmark: _Toc46151865][bookmark: _Toc46734760][bookmark: _Toc47527063][bookmark: _Toc47692316][bookmark: _Toc47693432][bookmark: _Toc47702395][bookmark: _Toc47702958][bookmark: _Toc47686293][bookmark: _Toc47690391][bookmark: _Toc47691761][bookmark: _Toc47692223][bookmark: _Toc21012714][bookmark: _Toc21013635][bookmark: _Toc21013976][bookmark: _Toc21073570][bookmark: _Toc21073712][bookmark: _Toc21073989][bookmark: _Toc21079337][bookmark: _Toc21096934][bookmark: _Toc21096965][bookmark: _Toc21097362][bookmark: _Toc21097509][bookmark: _Toc21097558][bookmark: _Toc21098316][bookmark: _Toc21111685][bookmark: _Toc22566706][bookmark: _Toc22646257][bookmark: _Toc22649868][bookmark: _Toc22893285][bookmark: _Toc22894167][bookmark: _Toc23164372][bookmark: _Toc23164664][bookmark: _Toc47708274][bookmark: _Toc47714242][bookmark: _Toc47733731][bookmark: _Toc47734085]H/S/NA configuration for a given DU time-domain resource is only explicitly provided to the IAB-node/transmission-direction combination which is indicated as TDM required.

When the H/S/NA is not configured, as analysed above, the DU time-domain resources of the DU cell are treated as Soft with respect to the corresponding MT CC.

[bookmark: _Toc21079338][bookmark: _Toc21097363][bookmark: _Toc21097510][bookmark: _Toc21097559][bookmark: _Toc21098317][bookmark: _Toc23238162][bookmark: _Toc23238611][bookmark: _Toc23255582][bookmark: _Toc23258012][bookmark: _Toc23258405][bookmark: _Toc23319283][bookmark: _Toc45629715][bookmark: _Toc45631281][bookmark: _Toc45636688][bookmark: _Toc45639184][bookmark: _Toc45639252][bookmark: _Toc45698720][bookmark: _Toc45698533][bookmark: _Toc45698545][bookmark: _Toc45784688][bookmark: _Toc45785262][bookmark: _Toc45786038][bookmark: _Toc46151866][bookmark: _Toc46734761][bookmark: _Toc47527064][bookmark: _Toc47686294][bookmark: _Toc47690392][bookmark: _Toc47691762][bookmark: _Toc47692224][bookmark: _Toc47692318][bookmark: _Toc47693433][bookmark: _Toc47702396][bookmark: _Toc47702959][bookmark: _Toc47708275][bookmark: _Toc47714243][bookmark: _Toc47733732][bookmark: _Toc47734086]A default resource attribute for the IAB-DU H/S/NA resource configuration is Soft.

Regarding the special scenario that the IAB-node is indicated as TDM required between MT and DU while for some reason the H/S/NA resource types are not provided to the IAB-DU, treating the DU resource as soft gives the resource priority to the parent backhaul link.
Further, an IAB-node with no-TDM between MT and DU may still have the parent and child links interfering each other during simultaneous transmission/reception, for example when using overlapping frequency-domain resources. Therefore, efficient multiplexing of the shared frequency-domain resources is also needed, and certain coordination between IAB and its parent node about the frequency-domain resources could be advantageous to allow for greater flexibility, reduced CLI and reduced latency.
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IAB Dual connectivity

According to the IAB TR 38.874 [4], when operating in SA-mode, an NR+NR dual connected IAB-node can add redundant routes by establishing an MCG-link to one parent node IAB-DU and an SCG-link to another parent node IAB-DU. The dual-connecting IAB-MT will enable the SCG link using the Rel-15 NR-DC procedures [8]. As described in TS 37.340 [9], NR-NR dual connectivity is a Multi-Radio Dual Connectivity (MR-DC) configuration with the 5GC. In MR-DC, two or more Component Carriers (CCs) may be aggregated over two cell groups. This is a typical Inter-Carrier NR-DC framework where the MCG-link and the SCG-link are using independent carriers for which a coordination of time and frequency resource is not required, see top example in Figure 3.
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To improve resource efficiency, it can be envisioned that the MCG-link and the SCG-link from the two parent IAB-DUs share the same carrier frequency, referred to as the Intra-Carrier NR-DC operation, see bottom example in Figure 3. In this scenario, the MCG-link and the SCG-link may share the same frequency and time resource which imposes a need for resource coordination. However, given Intra-Carrier NR-DC is not included in the Rel-16 specification, we think this scenario is related to general DC operation and should be considered in a wider scope than IAB.
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[bookmark: _Ref45568592][bookmark: _Ref45568585]Figure 3: Inter-Carrier DC (with one parent using carrier F1 and the other parent using carrier F2) vs. Intra-Carrier DC (with both parents using carrier F1).
Conclusion
In this paper we made the following observations:
Observation 1	Simultaneous TX/RX of an IAB-node is not feasible in RAN4 IAB Scenario 1 where the IAB-MT transmits in UL slots while the IAB-DU transmits in DL slots and the IAB-MT receives in DL slots while the IAB-DU receives in UL slots.
Observation 2	For an {MT CC, DU cell} pair where the IAB-node is indicated no-TDM capable, DU time-domain resources are implicitly Soft with respect to the corresponding MT CC.
Observation 3	IAB Inter-Carrier NR-DC is already supported with Rel-16 specification. For independent carriers, resource coordination is not needed.
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Based on the discussion above we propose the following:

Proposal 1	Simultaneous transmission based on FDM/SDM principles, i.e., half-duplex transmission, and simultaneous reception based on FDM/SDM principles, i.e., half-duplex reception, are technically feasible and should be RAN 1’s priority in Rel-17.
Proposal 2	Simultaneous MT RX and DU TX, i.e., downstream full-duplex, and simultaneous MT TX and DU RX, i.e., upstream full-duplex, are not prioritized in Rel-17.
Proposal 3	RAN4 IAB Scenario 2 is adopted as the baseline for IAB simultaneous-operation discussion.
Proposal 4	RAN1 to exclude simultaneous-operation discussion for the case when an IAB-node simultaneously receives from the parent IAB-DU and from a served UE.
Proposal 5	H/S/NA configuration for a given DU time-domain resource is only explicitly provided to the IAB-node/transmission-direction combination which is indicated as TDM required.
Proposal 6	A default resource attribute for the IAB-DU H/S/NA resource configuration is Soft.
Proposal 7	Specify a mechanism for frequency-domain resource multiplexing between MT and DU of an IAB-node.
Proposal 8	RAN1 should discuss whether IAB NR-DC operation using one single carrier (IAB Intra-Carrier NR-DC operation) is in the scope of the Rel-17 IAB WID, or should be considered in a wider scope than IAB.
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