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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).
· [bookmark: _Hlk61036592]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 views on the potential enhancements to IAB-DU and IAB-MT multiplexing configurations, regarding simultaneous operations and the dual-parent scenarios. Please see [2] for our accompanying contribution discussing timing, interference and power control for the agreed simultaneous operation cases. Furthermore, we discuss the reply to the LS from RAN3 in [3].
Enhancements to IAB-DU and IAB-MT configurations
RAN1#103e agreed that:
	Agreements:
The Rel-16 IAB-DU resource types (Soft/Hard/NA) are the starting point for supporting resource multiplexing for simultaneous operation cases in Rel-17. 
· FFS: Whether resource type definitions need to be extended to frequency domain resources 
· FFS: Coexistence of simultaneous operation resources and TDM resources
· FFS: Whether new rules governing cell-specific/semi-static signals and channels at the IAB-DU and/or IAB-MT in case of simultaneous operation are necessary
Agreements:
Further consider different applicability restrictions/conditions for simultaneous operation multiplexing cases:
· FFS: Whether a given case is only applicable for certain resource types or combinations: e.g. DL access, DL backhaul, UL access, UL backhaul
· FFS: Network (including parent node) awareness of a child IAB node’s ability to support simultaneous operation due to short-term and long-term factors including panel selection, interference, timing, transmit power, capability indication etc.
· FFS: Necessary differentiation for paired spectrum vs. unpaired spectrum
· FFS: Whether specific enhancements are defined for full-duplex cases vs. being left to implementation (as in Rel-16)
· Note: There should not be any impact on legacy UE behavior
Agreements:
The Rel-16 explicit indication of soft resources by DCI Format 2_5 is supported for simultaneous operation cases in Rel-17. 
· FFS: Whether/how to extend DCI Format 2_5 to frequency domain resources and/or paired spectrum
· FFS: Coexistence of simultaneous operation resources and TDM resources
Agreements:
The explicit indication of soft resources by DCI Format 2_5 is supported for multi-parent scenarios in Rel-17.
· FFS: Whether additional enhancements over the Rel-16 solution are needed


[bookmark: _Ref54186745]H/S/NA attributes
In Rel-16, the reason for introducing H/S/NA configuration to DU time-domain resources in the IAB network was 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.
Rel-16 IAB-nodes are TDM-based, i.e., a given time-domain resource is either used by the IAB-MT or the IAB-DU. Configuration of H/S/NA to the IAB-DU gives different priorities to the IAB-MT and IAB-DU regarding the usage of time-domain resource in question and enables local coordination of time-domain resources between the IAB-node and its parent node, accounting for dynamic conditions. 
In Rel-17, one new feature for a half-duplex IAB-node is simultaneous transmission and/or reception, in which the IAB-MT and IAB-DU operate in FDM or SDM. 
[bookmark: _Ref58590315]Frequency-domain H/S/NA
For an IAB-node capable of FDM, the IAB-MT and IAB-DU can use time-domain resources simultaneously but need coordination on the usage of frequency-domain resources. In this case, a similar structure of configuring frequency-domain resources with H/S/NA attributes would be advantageous. The reason is that it enables certain coordination between the IAB-node and its parent node about the frequency-domain resources, and thereby allows for greater flexibility, reduced CLI and reduced latency.
[bookmark: _Toc45636689][bookmark: _Toc45639185][bookmark: _Toc45639253][bookmark: _Toc45698721][bookmark: _Toc45698534][bookmark: _Toc45698546][bookmark: _Toc45784689][bookmark: _Toc45785263][bookmark: _Toc45786039][bookmark: _Toc46151867][bookmark: _Toc46734762][bookmark: _Toc47527065][bookmark: _Toc47686295][bookmark: _Toc47690393][bookmark: _Toc47691763][bookmark: _Toc47692225][bookmark: _Toc47692319][bookmark: _Toc47693434][bookmark: _Toc47702397][bookmark: _Toc47702960][bookmark: _Toc47708276][bookmark: _Toc47714244][bookmark: _Toc47733733][bookmark: _Toc47734087][bookmark: _Toc54189374][bookmark: _Toc54205958][bookmark: _Toc54382823][bookmark: _Toc58832839][bookmark: _Toc61903474]Specify H/S/NA attributes for IAB-DU frequency-domain resources.
The frequency-domain resource division to which the H/S/NA resource type is configured should be compatible with resource allocation in frequency-domain for Rel-16 access UEs as in [TS 38.214, 5.1.2.2 for DL and 6.1.2.2 for UL], using resource block groups (RBGs). Accordingly, it is advantageous to also indicate the frequency-domain H/S/NA per RBG, which bundles multiple consecutive RBs. Hereinafter, an RBG for assigning frequency-domain H/S/NA is also referred to as an IAB-RBG to differentiate it from an RBG for UE frequency resource allocation. Conflicts between the frequency-domain H/S/NA configuration and RBG(s) allocated for certain UE should be avoided. One example of such conflict is that for an RBG configured to a UE, one part of the RBG may be a Hard resource whereas another part may be a NA resource. With this aspect considered, the size of IAB-RBG for configuring H/S/NA should contain integer multiples of the RBG size for access UE frequency resource allocation. For example, the same RBG size as UE frequency resource allocation can be used for frequency-domain H/S/NA configuration.
[bookmark: _Toc58832840][bookmark: _Toc61903475]The frequency-domain H/S/NA is indicated per IAB-RBG, the size of which contains integer multiples of the RBG size configured for access UE frequency-domain resource allocation.
Another differing aspect between time-domain and frequency-domain resources is the interference between adjacent resources. In the TDM case, if the IAB-DU uses slot 1 and the IAB-MT uses slot 2, there is no interference between IAB-DU and IAB-MT. But in the FDM case, if IAB-DU uses RBG1 and IAB-MT uses RBG2 where RBG1 and RBG2 are contiguous, there may still be interference between IAB-DU and IAB-MT. This is particularly relevant if the IAB-DU and IAB-MT use separate transceiver chains, including separate FFTs, for which case leakage outside the IAB-MT or IAB-DU RBGs cannot be excluded – contrary to single path IAB nodes where leakage is instead typically taking place outside the carrier. This issue should be considered when defining frequency-domain H/S in terms of the usage of certain resources at IAB-DU/MT and the impact on IAB-MT/DU.
To have a common understanding of frequency-domain resources, the frequency-domain resources at the IAB-MT side are also divided into RBGs the same way as IAB-DU.
· For frequency-domain Hard resource: the DU can use the resource irrespective of the impact on the MT’s ability to transmit or receive in the corresponding resource (i.e., the same RBG), provided it does not impact the MT’s ability to transmit and receive in any other resource (i.e., other RBGs).
· For frequency-domain Soft resource: the DU can use the resource only if it does not impact the MT’s ability to transmit and receive in any resource (i.e., both the same RBG and other RBGs).
· For frequency-domain NA resource: the DU cannot use the resource. 
Basically, the definition of Soft and NA resources as in TS 38.213 are still eligible for frequency-domain Soft and NA resources. But further clarification on Hard resource type is needed to also include the frequency-domain Hard resource. 
An example of how above description of H/S/NA means to the frequency-domain usage is illustrated in Figure 1. The blue shaded RBGs are the ones configured to be used either by IAB-MT or IAB-DU. If IAB-DU uses RBG2 and IAB-MT uses RBG3 simultaneously, they may interfere with each other. Hence, the IAB-DU reserves multiple subcarriers at the upper edge of RBG2 to avoid such interference. Similarly, guard subcarriers are reserved at both upper and lower edges when the IAB-DU uses RBG4, which has impact on the IAB-MT’s usage of RBG3 and RBG5.
[image: ]
[bookmark: _Ref58511350]Figure 1: Illustration of resource usage of frequency-domain H/S/NA. The RBGs are IAB-RBGs.
[bookmark: _Toc58832841][bookmark: _Toc61903476]If a resource is configured as Hard, the IAB-DU can transmit, receive, or either transmit or receive according to its configuration only if it does not impact the IAB-MT’s ability to operate in any other resource according to the configuration of that resource.
Space-domain H/S/NA
For transmission/reception directions (i.e. beams) where the IAB-MT and IAB-DU can use the same time- and frequency-domain resources simultaneously (i.e., capable of SDM), the Rel-16 H/S mechanism is not needed due to the space-domain orthogonality. For IAB-DU transmission directions that will cause unacceptable performance degradation of the backhaul link to the parent IAB-DU, time- or frequency-domain H/S/NA configurations should be resorted to. For a planned network where backhaul traffic is separated from access traffic, this will not be a problem. Without such a separation, configuring NA on link-basis at the IAB-DU can be useful to semi-statically disable certain child links and/or access links of the IAB-DU. One application is to disable a child/access link that causes substantial interference to another backhaul link. With these aspects considered, it is FFS whether and how to restrict IAB-DU’s usage of space-domain resources so that the IAB-DU can adapt its behavior to suit different conditions. A related matter is then how such restrictions should be defined; in terms of links, beams, angles, or something else.
[bookmark: _Toc54189361][bookmark: _Toc54205946][bookmark: _Toc54382811][bookmark: _Toc58832837][bookmark: _Toc61903468]The Rel-16 H/S concept is not applicable in space-domain.
[bookmark: _Toc54189362][bookmark: _Toc54205947][bookmark: _Toc54382812][bookmark: _Toc58832838][bookmark: _Toc61903469][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]Configuring NA on link-basis at the IAB-DU can be useful to semi-statically resource-wise restrict certain child link and/or access links of the IAB-DU.
[bookmark: _Toc54189375][bookmark: _Toc54205959][bookmark: _Toc54382824][bookmark: _Toc58832842][bookmark: _Toc61903477]Further study whether and how to restrict IAB-DU from accessing certain space-domain resources (e.g., in terms of link, beam or angle).
When H/S/NA is not configured, time- and/or frequency-domain resources of the DU cell can be treated as Soft with respect to the corresponding MT component carrier (CC). When the resource in question (either in time-domain or frequency-domain) cannot be used simultaneously by the IAB-MT and IAB-DU, treating the IAB-DU resource as soft gives the parent backhaul link priority to the resource. It is a reasonable strategy since the parent link typically carries higher traffic load than the child link(s) and has a higher demand for resources. When link properties and multiplexing capabilities allow, the resource in question can be used simultaneously by the IAB-MT and IAB-DU. Treating the IAB-DU resource as soft can be interpreted as follows:
· regarding the Soft IAB-DU resource, the parent node could assume that the corresponding IAB-MT resource is available, and 
· the IAB-node capability enables the IAB-DU to use the soft resource simultaneously without impacting the IAB-MT.
[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][bookmark: _Toc54189376][bookmark: _Toc54205960][bookmark: _Toc54382825][bookmark: _Toc58832843][bookmark: _Toc61903478]A default resource attribute for the IAB-DU H/S/NA resource configuration is Soft.
[bookmark: _Toc54189377][bookmark: _Toc54205961]Cell-specific signals at IAB-MT
Regarding cell-specific/semi-static signals and channels at the IAB-DU, such as SSB transmission, PRACH reception, PDCCH transmission for Type0-PDCCH CSS sets configured by pdcchConfigSIB1, the same rule as in Rel-16 should be followed that the resource is treated as if it were a Hard DU resource, even if a DU NA or Soft resource is configured. This should be equally valid if a H/S/NA concept in frequency-domain is specified in Rel-17.
[bookmark: _Toc54382826][bookmark: _Toc58832844][bookmark: _Toc61903479]A frequency-domain DU resource assigned to cell-specific/semi-static signals/channels, such as SSB transmission, PRACH reception, PDCCH transmission for Type0-PDCCH CSS sets, is always treated as if it was configured as a Hard DU resource.  
Additionally, in order to be compatible with Rel-16 and earlier release UEs, the associated transmission direction at least for SSB transmission, PRACH reception, and SIB transmission at the IAB-DU should be maintained, even if the semi-static DL/UL configuration of DU of some IAB-nodes has been reverted to enable simultaneous IAB-MT and IAB-DU operations.
[bookmark: _Toc54382827][bookmark: _Toc58832845][bookmark: _Toc61903480]Dedicated transmission directions in terms of DL/UL for cell-specific signals/channels should be maintained when configuring simultaneous operation at an IAB-node.
More specifically, a Rel-15 UEs does not expect any of the following events to occur: 
1) to be indicated as UL on symbols indicated for SSB reception;
2) to be indicated as DL on symbols indicated for PRACH transmission;
3) to be indicated as UL on symbols indicated for CORESET for Type0-PDCCH CSS set.
However, an IAB-MT does not necessarily follow the same rule. In RAN1#-96bis, it was agreed that:
	Agreements:
· In case of Hard or Soft Indicated Available DU resources, no additional exception cases need to be defined for cell specific signals/channels to be transmitted or received by the MT in the same resource (e.g. SS/PBCH blocks, SI reception, RACH).
· The decision on whether to give priority to the DU or to the MT for the use of the resource (e.g. in case of MT RACH transmission) is left to the IAB node implementation.
· The IAB shall fulfil its performance requirements in terms of measurement and transmission of cell specific signals / channels.


The agreement is based on the understanding that for an IAB-MT, a configured SSB reception, SI reception, and PRACH transmission does not always need to be carried out. Considering the backhaul link is typically static and has good link quality, the impact from not having SSB, PRACH or SIB under certain occasions is not as critical as for the UEs.
In addition, Rel-16 has specified means to configure the IAB-node and parent node with non-overlapping occasions for SSB and PRACH which are IAB-node-specific. 
· It has been agreed in RAN1#98bis that for inter-IAB-node discovery and measurement, the IAB-node does not expect STC and SMTC are overlapped in time. 
· It has been agreed in RAN1#96bis to use a time offset in subframe or slot to enable non-overlapping backhaul RACH occasions. 
So, it is possible for an IAB-donor-CU to configure proper transmission occasions to an IAB-MT for SSB and PRACH, meanwhile, to enable simultaneous transmission or reception at the IAB-node. In this case, an IAB-MT can be assumed to:
1) not receive SSB if the associated symbols are indicated as UL;
2) not transmit PRACH if the associated symbols are indicated as DL;
3) not receive SIB if the associated symbols are indicated as UL. 
[bookmark: _Toc54382828][bookmark: _Toc58832846][bookmark: _Toc61903481]For IAB-MT 1) an indicated UL symbol overrides the configured SSB reception; 2) an indicated DL symbol overrides the configured PRACH transmission; 3) an indicated UL symbol overrides the configured SI reception.
[bookmark: _Ref58589138]Indication of multiplexing capability
The semi-static configuration of H/S/NA is based on the multiplexing capability of the IAB-node. The parent node can also be provided with the multiplexing capability information, which has been indicated to the IAB-donor-CU, so that the parent node can make a better estimation of the resource usage at the IAB-node and, accordingly, the resource availability on the IAB-node’s parent backhaul link. However, the multiplexing capability of the IAB-node may change due to local circumstances, such as channel changes, fulfilment of simultaneous operation criteria, etc., in a dynamic way. Losing track of such change may lead to inappropriate scheduling decision at the parent node, which will cause resource wastage or situations with additional interference for the IAB-node.
For example, based on given hardware capability and channel conditions, the IAB-MT and IAB-DU can conduct simultaneous transmission and/or reception. The IAB-node thereby indicates TDM not required to the IAB-donor-CU, which will configure IAB-MT and IAB-DU resources accordingly to allow for the desired simultaneous operation. However, the required Case #6 and Case #7 timing operation cannot always be fulfilled by the parent node(s) and/or child node(s) under certain circumstances. In this case, the IAB-MT and IAB-DU can be limited to operate in a TDM manner. Without knowing that, the parent node may still schedule transmission from/to the IAB-MT which cannot be carried out by the IAB-node due to the operation at the IAB-DU using overlapping time and/or frequency resource. Therefore, it is beneficial to inform the parent node about the multiplexing-capability changes at the IAB-node.
[bookmark: _Toc54382829][bookmark: _Toc58832847][bookmark: _Toc61903482]The parent node is dynamically provided with changes of the IAB-node’s multiplexing-capability.
Coexistence of simultaneous operation and TDM
When an IAB-node is capable of FDM, it can be configured with frequency-domain H/S/NA as described in Section 2.1.1, which brings higher flexibility and lower latency. When an IAB-node is capable of SDM, the Rel-16 H/S concept is not applicable. In both cases, time-domain H/S is not needed since it does not lead to different IAB-MT and IAB-DU behaviors which can use the time-domain resources simultaneously. So, it is beneficial to have H/S/NA for an IAB-DU configured and relevant based on the multiplexing capability of the IAB-node, which is provided from the IAB-node to the IAB-donor-CU via F1-AP. However, as analyzed in Section 2.3, the actual multiplexing capability of the IAB-node may change locally and dynamically. Such a change may not be captured by the IAB-donor-CU in time. Also, from the system stability, consistency and signaling efficiency points-of-view, semi-static resource configuration is not supposed to be changed frequently. As a result, it is likely that the semi-static resource configuration becomes inconsistent with the variable actual IAB multiplexing capability, and accordingly the intended H/S/NA configuration cannot be used by the IAB node.
When the conditions for simultaneous transmission or reception temporarily fail, the IAB-node has to operate in a TDM mode. So, it is necessary to always provide time-domain H/S/NA to the IAB-node even if ”TDM not required” is indicated to the IAB-donor-CU.
[bookmark: _Toc58832848][bookmark: _Toc61903483]Time-domain H/S/NA configuration is always provided to the IAB-node even if ”TDM not required” is indicated to the IAB-donor-CU.
For a half-duplexing IAB node, ”TDM not required” can either be of FDM capable or SDM capable. As stated earlier, it is beneficial to configure frequency-domain H/S/NA to an FDM-capable IAB-node. It is also possible that the multiplexing capability of an IAB-node is locally changed from SDM to FDM, due to, for example, timing and/or interference environment variations. As a result, the IAB-node still can perform simultaneous transmission or reception but is changed from using overlapping time and frequency resources to using overlapping time but non-overlapping frequency resources. In this case, configuring frequency-domain H/S/NA also to an SDM-capable IAB-node can better prepare the IAB-node for possible local multiplexing-capability changes. 
[bookmark: _Toc58832849][bookmark: _Toc61903484]Frequency-domain H/S/NA configuration is additionally provided to the IAB-node which has indicated “TDM not required” to the IAB-donor-CU.
When the multiplexing capability of an IAB-node changes locally, e.g., from FDM to TDM, from SDM to TDM, from SDM to FDM, or the other way around, the parent node can be provided with such change according to Section 2.3. Meanwhile, the IAB-node turns to use the H/S/NA configuration that fits for the actual multiplexing capability. If the parent node has the information of all H/S/NA configurations that have been provided to the IAB-DU, based on the informed multiplexing-capability change, the parent node can also have a good understanding of which configuration the IAB-node is using, and thereby make appropriate assumption about the resource availability at the IAB-MT.
[bookmark: _Toc58832850][bookmark: _Toc61903485]The parent node is aware of all IAB-DU resource configurations, including both time-domain and frequency-domain H/S/NA configurations, if provided.  
DCI 2_5 for frequency-domain Soft resource
Explicit indication of frequency-domain Soft resource can be based on similar principles as time-domain DCI in Rel-16. The following options can be considered:
· Preemption-like indication via DCI Format 2_1,
· DCI 2_5 between associated IAB-MT and IAB-DU frequency resources such as IAB-RBGs or sets of IAB-RBGs.
Preemption indication via DCI Format 2_1 is used to indicate to a certain device that some of its resources have been pre-empted and are used for other purposes. It contains a bitmap representing OFDM symbols in time and full/half bandwidth part. In the bitmap, 1 denotes the pre-empted resources. Similar structure can be used to indicate to the IAB-MT that certain frequency/time-domain resources (e.g., RBGs associated to one slot) are “pre-empted” by the IAB-DU Soft resources.
Another option is to reuse DCI 2_5 which is used to indicate availability to time-domain IAB-DU Soft resource. Since there can be multiple frequency-domain Soft resources configured to RBGs associated to the same slot, multiple DCI 2_5 (or extensions thereof) can be used.
[bookmark: _Toc61903486]RAN1 should consider DCI-based signaling for explicit availability indication of frequency-domain Soft resources.
Guard symbols for IAB-MT and IAB-DU resource misalignment
The Rel-16 guard symbols between IAB-MT and IAB-DU resources are for the case when both slot (k-1) and slot k operate in Case #1 timing alignment where IAB-MT and IAB-DU are in TDM mode. Rel-17 IAB takes simultaneous transmission and reception into consideration. As a result, an IAB-node may operate in Case #1, Case #6 or Case #7 timing. When Case #6 timing alignment is used, IAB-MT UL Tx timing is changed to be aligned with IAB-DU DL Tx timing. When Case #7 timing alignment is used, IAB-DU UL Rx timing is changed to be aligned with IAB-MT DL Rx timing. Accordingly, some of the desired guard symbols will change comparing to the only Case #1 guard symbols when the combinations of the timing-alignment cases in slot (k-1) and slot k are:
· Case #1 and Case #6;
· Case #1 and Case #7;
· Case #6 and Case #1;
· Case #7 and Case #1;
· Case #6 and Case #7;
· Case #7 and Case #6;
· Case #6 and Case #6; and 
· Case #7 and Case #7.
Consider that a Rel-17 IAB-node may need to frequently switch among Case #1, Case #6 and Case #7 timing. It is not efficient from a signaling overhead perspective for an IAB-node and its parent node to exchange information of guard symbols every time when the timing case switches. The reason is that guard symbols for each timing case is predictable and relatively static. An IAB-node can instead send groups of Desired Guard Symbols to a parent node regarding different timing-case switching as listed above. Correspondingly, the parent node sends groups of Provided Guard Symbols to the IAB-node. When the IAB-node changes its operation mode and thereby uses a different timing-alignment case, both IAB-node and parent node can switch fast without extra signaling exchange to use the corresponding group of guard symbols. Different groups of guard symbols can be composed as in Figure 2.
[image: ]
[bookmark: _Ref58939286]Figure 2: Potential groups of Desired/Provided Guard Symbols for Rel-17 IAB enhancement.

[bookmark: _Toc61903487]Desired/Provided Guard Symbols are signaled in multiple groups that covers all switching combinations among Case #1, Case #6 and Case #7 timing alignment.
[bookmark: _Ref178064866]Dual Connectivity
In RAN1 #103e, the following objectives of the IAB work item regarding dual connectivity were agreed [4]:
	Agreement
From a RAN1 perspective, at least intra-donor multi-parent operation is supported in Rel-17 
· FFS: Inter-donor operation pending additional input from RAN2/RAN3

Agreement
The explicit indication of soft resources by DCI Format 2_5 is supported for multi-parent scenarios in Rel-17.
· FFS: Whether additional enhancements over the Rel-16 solution are needed

Agreement
From a RAN1 perspective, resource multiplexing and coordination is supported for the following DC scenarios in Rel-17.
· Inter-carrier, inter-band 
· Inter-carrier, intra-band is additionally supported at least for FR2 
· At least to the extent it reuses solutions for supporting Inter-carrier, inter-band
· FFS: whether specific enhancements for inter-carrier, intra-band DC are introduced in Rel-17



According to the IAB TR 38.874 [7], 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 [6], 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 for the purpose of bandwidth extension. 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 MT resource is not required.
[bookmark: _Toc61903470]For independent carriers, IAB-MT resource coordination between the parent nodes is not needed.
In the current NR-DC framework, the MCG-link and the SCG-link are equipped with distinct schedulers which can operate independently over the entire MCG and SCG carriers.
DCI 2_5 in multi-parent scenario
In Rel-16 IAB there are two ways for the parent nodes, to indicate the availability of the soft DU resource: implicit indication and explicit indication. The explicit indication, referred to as Availability Indication (AI), uses DCI Format 2_5 for dynamically indicating the availability of DU Soft resource in a slot. For multi-parent nodes operating in inter-carrier DC, different parent nodes communicate with the IAB-MT using different component carriers (CCs). Consider that the H/S/NA attributes are configured per {MT CC, DU cell} pair, as agreed in RAN1 #98 [5]:
	Agreements:
The H/S/NA attributes for the per-cell DU resource configuration should take into account the associated MT carrier frequency(ies).


The agreement means that it is possible that a DU cell can have two different H/S/NA resource configurations associated with two different parent nodes. Specifically, DCI 2_5 is signaled from a parent node when there is a Soft resource configured at the IAB-DU associated with the CC used by this parent node. In this case, parent nodes can signal DCI 2_5 to the IAB-MT independently.
Figure 3 depicts the availability indication (DCI format 2_5) in a dual-parent case, where in the example the carrier components are associated to the MCG (Cell-1) and SCG (Cell-2) cells. As illustrated in the figure, the both IAB-MT cells have overlapping spectrum with the IAB-DU Cell-1, while the IAB-DU Cell-2 only shares the spectrum with the IAB-MT Cell-2. Accordingly, the first parent node will provide the IAB-MT with one DCI format 2_5 for the DU resources configured as Soft for the pair {MT Cell-1 (MCG), DU Cell-1}, and the second parent node will provide the IAB-MT with two availability indicators for the {MT Cell-2 (SCG), DU Cell-1} pair and the {MT Cell-2 (SCG), DU Cell-2} pair, respectively. It should be noted that the availability indication for the dual-parent case is signaling-wise similar to the single-parent case. Hence, there is no need for additional enhancement over Rel-16 solution for the DCI format 2_5 indication.
[image: ]
[bookmark: _Ref61363830]Figure 3: An example of availability indication in the dual-parent scenario. The two IAB-MT serving cells (MCG and SCG, respectively) and the IAB-DU cell-1 have partially overlapping spectrum. The MT Cell-2 needs to monitor two DCI format 2_5 indicators.

[bookmark: _Toc59105100][bookmark: _Toc61903471]For inter-carrier DC, multiple parent nodes can signal DCI 2_5 to the IAB-MT independently, with respect to the same IAB-DU cell.
[bookmark: _Toc59105101][bookmark: _Toc61903472]Availably indication for the dual-parent scenario is not different from the single parent scenario. 
If a certain IAB-DU resource is configured as Soft with respect to multiple IAB-MT CCs, which correspond to different parent nodes, it is likely that the IAB-MT receives more than one DCI 2_5 indicating the availability of the same IAB-DU resource. In this case, the IAB-DU should consider all received resource availability indications to determine the IAB-DU Soft resource availability as DL/UL/Flexible resource. In the example of Figure 3, to determine the availability of the Soft DU resource of Cell-1, the IAB-node should take into consideration of the two availability indicators, {MT Cell-1 (MCG), DU Cell-1} and {MT Cell-2 (SCG), DU Cell-1}. 
[bookmark: _Toc61903488]It is assumed that to determine the availability of the per-cell DU soft resource by explicit indication, the IAB node should take into consideration of all received DCI format 2_5 from collocated MT carriers associated to the same DU cell.
In other cases, the IAB-DU needs to (additionally) rely on implicit indication considering both parent links to determine its Soft resource availability. As a result, the IAB-DU can use the Soft resource for DL transmission if it has either implicit indication or DCI 2_5 from both parent nodes indicating DL soft resource available. The same applies equally for DL, UL and Flexible resource types configured at the IAB-DU.
[bookmark: _Toc61903473]If the same IAB-DU resource is configured as Soft with respect to multiple IAB-MT CCs served by different parent nodes, the IAB-DU resource is available for DL/UL/Flexible given either implicit indication or DCI 2_5 from both parent node indicating the DL/UL/Flexible resource as available.
TDD pattern alignment 
In the intra-band inter-carrier DC case, if the two carriers of the MCG and SCG links are too close for the IAB-MT to operate them independently, the IAB-MT is not able to support asynchronous TDD patterns, i.e., the MCG and SCG links can have different DL/UL transmission direction. In Rel-16 specification, the handling of transmission direction collision was specified for UE behavior in half duplex CA operation [9][10]. We think from the point of view of RF properties, inter-carrier (inter-band and intra-band) DC is akin to inter-band/intra-band CA, and therefore the IAB-MT’s assumptions may adopt a similar approach to solve the transmission direction conflict in inter-carrier DC scenarios, for IAB-MTs which do not support simultaneous transmission and reception on any pair of the multiple serving cells configured for the dual parent nodes in the same or different frequency bands. In particular, the IAB-MT can report to the donor-CU about its capability regarding simultaneous transmission and reception on multiple serving cells configured for the dual-parent nodes in the same or different frequency bands. In addition, an IAB-MT which does not support the full-duplex DC operation can assume the parent backhaul links to have aligned transmission direction in terms of UL/DL configuration. The IAB-MT’s assumptions of aligned UL/DL direction in inter-carrier, inter-band or intra-band DC, and the corresponding behavior to handle the configuration conflict are for further study.
[bookmark: _Toc61903489]For inter-carrier (inter-band and intra-band) DC, the donor-CU can be made aware of the IAB-MT’s capability regarding simultaneous transmission and reception on multiple serving cells in a frequency band, configured by two parent nodes.
[bookmark: _Toc61903490]If an IAB-MT is not capable of simultaneous transmission and reception on any pair of the multiple serving cells in the frequency band configured for two parent nodes, the IAB-MT can assume all serving cells configured for the two parent nodes have aligned UL/DL directions.
[bookmark: _Toc61903491]FFS: the IAB-MT’s assumption of aligned UL/DL directions in inter-band and intra-band DC.
[bookmark: _Toc61903492]FFS: the IAB-MT’s behavior to handle the configuration conflict.
In intra-donor DC, the same donor-CU node is responsible for the semi-static resource configuration of the both parent nodes. It is expected that the donor-CU can coordinate the parent nodes DU resource configurations to avoid a collision of transmission direction. On the other hand, the SFI-based dynamic resource configuration is performed by the dual parent nodes separately. To minimize the transmission direction collision due to dynamic indication, it is beneficial to share the DU resource configurations between the parent nodes. For example, this can be achieved by the donor-CU providing to a parent node the DU resource configurations of the other peer parent node that connects to the same IAB node. 
[bookmark: _Toc61903493]A parent-node can be made aware of the DU resource configuration of the other peer parent node that connects to the same IAB node.
Multi-MT for intra-carrier, multi-parent operation
In the 3GPP TSG-RAN meeting #90e there was a discussion on support of Intra-carrier DC for dual-parent operation in Rel-17 enhance IAB. The discussion ended with no proposal or convergence on the question of whether intra-frequency multiplexing for dual-connectivity scenarios should be considered in Rel-17 IAB. 
As presented above and previously discussed [11], inter-carrier DC may be implemented with little specification impact. One reason for this is the orthogonality between different parent nodes’ resources does not require any tight parent node dynamic scheduler coordination. Another reason is that timing synchronization requirements can be more relaxed since the two carriers, at most, will only need to be aligned to the extent that Tx in one carrier and Rx in the other do not collide. Inter-carrier interference will be managed by RAN4 ACLR specification.
Intra-carrier DC does not meet the above relaxed requirements which is why it is poorly suited for multi-parent operation. The objective with DC in Rel-17 is topology redundancy, implying dynamic operation, which is contradictory to the capabilities of intra-carrier DC. To enable intra-carrier DC, the complexity in, e.g., resource coordination, timing synchronization of the parent nodes, and interference measurement/management will require extensive specification work.
A preferable approach to enable intra-carrier multi-parent operation is multi-MT. Multi-MT would not require any tight scheduler coordination since each MT is operating independently from the other. Consequently, multi-MT would only require loose time synchronization in order to achieve TDD pattern alignment similar to intra-band DC. Considering the multiple MTs on the receive side, and by assuming well-isolated MTs (to start with), e.g., from making deployment assumptions similar to the ones for full duplex, the multiple MTs can operate independently from each other and the CP is no longer the limiting factor. Given the existing guard time periods for UL/DL transitions and vice versa of approximately 7 µs, IAB deployment would be much more flexible and thereby likely attract a larger operator interest.
[bookmark: _Toc61903494]Consider Multi-MT as an alternative to enable intra-carrier multi-parent operation for enhanced IAB.
Conclusion
In the previous sections we made the following observations: 
Observation 1	The Rel-16 H/S concept is not applicable in space-domain.
Observation 2	Configuring NA on link-basis at the IAB-DU can be useful to semi-statically resource-wise restrict certain child link and/or access links of the IAB-DU.
Observation 3	For independent carriers, IAB-MT resource coordination between the parent nodes is not needed.
Observation 4	For inter-carrier DC, multiple parent nodes can signal DCI 2_5 to the IAB-MT independently, with respect to the same IAB-DU cell.
Observation 5	Availably indication for the dual-parent scenario is not different from the single parent scenario.
Observation 6	If the same IAB-DU resource is configured as Soft with respect to multiple IAB-MT CCs served by different parent nodes, the IAB-DU resource is available for DL/UL/Flexible given either implicit indication or DCI 2_5 from both parent node indicating the DL/UL/Flexible resource as available.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Specify H/S/NA attributes for IAB-DU frequency-domain resources.
Proposal 2	The frequency-domain H/S/NA is indicated per IAB-RBG, the size of which contains integer multiples of the RBG size configured for access UE frequency-domain resource allocation.
Proposal 3	If a resource is configured as Hard, the IAB-DU can transmit, receive, or either transmit or receive according to its configuration only if it does not impact the IAB-MT’s ability to operate in any other resource according to the configuration of that resource.
Proposal 4	Further study whether and how to restrict IAB-DU from accessing certain space-domain resources (e.g., in terms of link, beam or angle).
Proposal 5	A default resource attribute for the IAB-DU H/S/NA resource configuration is Soft.
Proposal 6	A frequency-domain DU resource assigned to cell-specific/semi-static signals/channels, such as SSB transmission, PRACH reception, PDCCH transmission for Type0-PDCCH CSS sets, is always treated as if it was configured as a Hard DU resource.
Proposal 7	Dedicated transmission directions in terms of DL/UL for cell-specific signals/channels should be maintained when configuring simultaneous operation at an IAB-node.
Proposal 8	For IAB-MT 1) an indicated UL symbol overrides the configured SSB reception; 2) an indicated DL symbol overrides the configured PRACH transmission; 3) an indicated UL symbol overrides the configured SI reception.
Proposal 9	The parent node is dynamically provided with changes of the IAB-node’s multiplexing-capability.
Proposal 10	Time-domain H/S/NA configuration is always provided to the IAB-node even if ”TDM not required” is indicated to the IAB-donor-CU.
Proposal 11	Frequency-domain H/S/NA configuration is additionally provided to the IAB-node which has indicated “TDM not required” to the IAB-donor-CU.
Proposal 12	The parent node is aware of all IAB-DU resource configurations, including both time-domain and frequency-domain H/S/NA configurations, if provided.
Proposal 13	RAN1 should consider DCI-based signaling for explicit availability indication of frequency-domain Soft resources.
Proposal 14	Desired/Provided Guard Symbols are signaled in multiple groups that covers all switching combinations among Case #1, Case #6 and Case #7 timing alignment.
Proposal 15	It is assumed that to determine the availability of the per-cell DU soft resource by explicit indication, the IAB node should take into consideration of all received DCI format 2_5 from collocated MT carriers associated to the same DU cell.
Proposal 16	For inter-carrier (inter-band and intra-band) DC, the donor-CU can be made aware of the IAB-MT’s capability regarding simultaneous transmission and reception on multiple serving cells in a frequency band, configured by two parent nodes.
Proposal 17	If an IAB-MT is not capable of simultaneous transmission and reception on any pair of the multiple serving cells in the frequency band configured for two parent nodes, the IAB-MT can assume all serving cells configured for the two parent nodes have aligned UL/DL directions.
	FFS: the IAB-MT’s assumption of aligned UL/DL directions in inter-band and intra-band DC.
	FFS: the IAB-MT’s behavior to handle the configuration conflict.
Proposal 18	A parent-node can be made aware of the DU resource configuration of the other peer parent node that connects to the same IAB node.
Proposal 19	Consider Multi-MT as an alternative to enable intra-carrier multi-parent operation for enhanced IAB.
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