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In RAN1#104e [1], the following agreements were achieved:
	Agreement
Support indication/reporting of information between an IAB node and its parent node to assist in the determination of the applicability of a given multiplexing capability in case of simultaneous operation. The following solutions are considered (other solutions not precluded):
· Temporal applicability of a given multiplexing capability
· Time/frequency resource restrictions (e.g. access vs. backhaul links, DL vs. UL resources)
· Indications of conditions/reporting information required to realize the given multiplexing capability (e.g. timing mode, power control, guard symbols, etc.)
FFS: channels/signals used for indicating/reporting information

Agreement
Further study whether/how to manage resources in the spatial domain. Candidate solutions are:
· Dynamic signaling between parent and child nodes for using/restricting/sharing antenna panels/beams
· Beam management / multi-panel enhancements for simultaneous operations
· Extension of H/S/NA resource indication to the spatial domain
Other solutions are not precluded.

Agreement
Regardless of simultaneous operation, the same cell-specific/semi-static signals and channels of the IAB-DU considered as hard time/frequency resources in Rel-16 are also considered as hard time/frequency resources in Rel-17.
· FFS: IAB-MT behavior in case of conflicts between cell-specific signals/channels and other resource configurations of the IAB-MT (e.g., dedicated slot configurations)

Agreement
The following are considered to support at least inter-band inter-carrier scenarios in Rel-17:
· Solutions to address resource coordination/scheduling collision issues between parent nodes including TDD configurations and resource type indications at least in case of intra-donor CU multi-parent scenarios 
· Consider Rel-16 CA framework as starting point
· Solutions for scheduling collision between two parent DUs due to indication of the resource availability for soft symbol(s) to the IAB-DU(s) by DCI format 2_5
· Solutions for scheduling collision between two parent DUs due to indication of the slot format by DCI format 2_0
· FFS: Whether or not separate solutions are required for resource coordination in case of inter-donor CU multi-parent scenarios
· Per-backhaul link (e.g. per child IAB-MT link) resource configurations in addition to per-DU resource configurations
· FFS: Enhancements to indication of soft resource availability from child node to parent node(s)
· FFS: Additional restrictions on simultaneous operation and/or multiplexing
· FFS: Whether the above solutions are also applicable for intra-band inter-carrier scenarios and whether additional solutions are required (e.g. RAN2 and RAN4 work related to adding band configuration and RRM requirements for intra-band inter-carrier NR-DC or updating related UE/MT capabilities for NR-DC so that they are applicable for intra-band inter-carrier NR-DC)

Agreement
Further consider until RAN1#104bis-e whether to support the extension of the semi-static DU resource type indication to frequency-domain resources within a carrier (in addition to existing Rel-16 per-carrier granularity) for H/[S]/NA resource types, including the following aspects:
· Granularity for frequency domain resources within a carrier (starting point is a set of N RBs with FFS: value of N >=1)
· Relationship with Rel-16 DU resource type indications in case of coexistence between TDM and FDM operation, including time-granularity of switching between multiplexing options to ensure backwards compatibility with Rel-16 IAB nodes and avoid impact on access UEs and their RRC configurations at CU
· In case frequency-domain extension is supported for soft resources, enhancements for DCI format 2_5 to support dynamic indication of availability for soft frequency resources. 
· Alt. 1 Separate indication of time and frequency resources 
· FFS: different field, RNTI or different DCI
· Alt. 2 Joint indication of time and frequency resources 
· FFS: backwards compatibility with Rel-16
· FFS: Extension of FDM across carriers
· FFS: Restrictions on band/minimum bandwidth for FDM operation (e.g. FR2 100MHz+ etc.)



In this contribution, we provide our views on the enhancements to resource multiplexing between child and parent links of an IAB node. Specifically, the simultaneous operation between IAB-MT and IAB-DU and aspects related to dual connectivity are discussed.
Simultaneous operations
Applicability of multiplexing capability
In Rel-16, the following multiplexing capabilities between IAB-MT CC and IAB-DU cell were specified:
· TDM
· Multiplexing case A (Simultaneous MT-Tx/DU-Tx)
· Multiplexing case B (Simultaneous MT-Rx/DU-Rx)
· Multiplexing case C (Simultaneous MT-Rx/DU-Tx)
· Multiplexing case D (Simultaneous MT-Tx/DU-Rx)
The multiplexing capability for a {IAB-MT CC, IAB-DU Cell} pair is reported in a semi-static manner and only unrestricted simultaneous operation is supported in Rel-16. In RAN1#104-e, it was agreed to support indication/reporting between an IAB node and its parent node to assist in the determination of the applicability of a given multiplexing capability. 
The following three types of indication /reporting mechanisms were identified:
· Temporal applicability of a given multiplexing capability
· Time/frequency resource restrictions (e.g. access vs. backhaul links, DL vs. UL resources)
· Restrictions/conditions required to realize a given multiplexing capability
The temporal applicability of a given multiplexing capability provides the information on whether a given multiplexing capability of an IAB node is applicable for a given time period. It provides a decision basis for the parent node to switch from TDM mode to multiplex case A/B/C/D dynamically over time. The details of the temporal indication has not been decided yet and one example is a simple bipolar indication {“applicable”, “not-applicable”}. When a given multiplexing capability is reported as “applicable”, the given simultaneous operation can be applied without any restrictions. The main issue with the bipolar indication is that the parent node cannot figure out whether the given multiplexing capability can be applicable with some restrictions such as timing mode or power control.
For the time/frequency resource restrictions for a given multiplexing capability, our assumption is that the intention of this is to provide information on whether a given multiplexing capability should be restricted between access and backhaul links or only between backhaul links, or whether a given multiplexing capability should be restricted in DL or UL symbols. Same to an access UE, the IAB-MT will transmit in UL or flexible symbols as long as it is scheduled or configured to do so and similar for the DL reception. There is no obvious need for the IAB node to report or indicate whether a given multiplex capability is only applicable to DL or UL symbols since the multiplexing capability is already coupled with UL or DL, e.g. the multiplexing cases with MT-Tx can only be done in UL or flexible symbols which has been indicated as UL. On the indication of restriction to access or backhaul links, since whether a given multiplexing should be restricted between backhaul links only is under the control of the IAB node, there is no obvious need to indicate this to the parent node either.
Observation 1: There is no need to support the indication/reporting of time/frequency resource restrictions for a given multiplexing capability. 
In addition, some other restrictions/conditions may be required to realize a given multiplexing capability and need to be informed to the parent node. Such restrictions/conditions include timing mode, power control, DMRS antenna port and Tx/Rx beam of IAB-MT as discussed below.
Timing mode: To support multiplexing Case A, an IAB node may need transmission timing alignment for joint processing. In this case, the parent node should schedule the IAB-MT using Case 6 timing; therefore, the parent node needs to be informed that if Case 6 timing is required or not by the IAB node. 
Power control parameters: Similarly to the requirement of timing alignment, IAB-MT or IAB-DU may have requirements on power control mechanisms in order to support a specific multiplexing case. If the requirement is for IAB-MT, the parent node should be informed to set proper power control parameters since the UL Tx power of IAB-MT is controlled by the parent node.
DMRS antenna port: Similar to the timing mode, an IAB node may need to perform joint processing to support a specific multiplexing case, e.g. interference rejection combining for simultaneous MT Rx/DU Rx. In this case, orthogonal DMRS antenna ports is preferred. Specifically, IAB-MT and IAB-DU can use orthogonal DMRS antenna ports so that channel estimation accuracy can be improved which is essential for IRC receivers. Similar restrictions can also be applied for MT Tx/DU Tx.
Tx/Rx beam of IAB-MT: The isolation between different IAB-MT and IAB-DU beam pairs can be quite different. Therefore, a given multiplexing capability may be applicable only if specific MT Tx/Rx beam(s) is adopted. This information needs to be informed to the parent node to determine whether simultaneous operation is possible.
It should be noted that the temporal applicability of a given multiplexing capability can be combined with the restrictions/conditions discussed above. As an example, two additional states can be defined such that one state implies that the given multiplexing capability is not applicable whatsoever and the other state implies that the given multiplexing capability is applicable without any restrictions. 
Observation 2: The temporal applicability of a given multiplexing capability can be combined with the other restrictions/conditions required to realize the given multiplexing capability such as timing mode, power control, DMRS antenna port and Tx/Rx beam of IAB-MT.
The following procedure can be considered to determine the applicability of a given multiplexing capability in case of simultaneous operation:
· IAB node reports its multiplexing capability for each {MT-CC, DU cell}-pair to its donor
· Donor node sends the multiplexing capability of the IAB node to its parent node
· IAB node additionally reports the conditions/restrictions for each supported multiplexing case per {MT-CC, DU cell}-pair
The first two steps are supported in Rel-16 and RAN1 should design proper mechanism to support the third step. For different multiplexing cases, the set of conditions/restrictions can be different. The following conditions/restrictions for different multiplexing cases can be considered as a starting point:
· Multiplexing case A (Simultaneous MT-Tx/DU-Tx): Case#6 timing, Enhanced power control scheme, Tx/Rx beam of IAB-MT
· Multiplexing case B (Simultaneous MT-Rx/DU-Rx): DMRS antenna ports, Tx/Rx beam of IAB-MT
· Multiplexing case C (Simultaneous MT-Rx/DU-Tx): DMRS antenna ports, Tx/Rx beam of IAB-MT
· Multiplexing case D (Simultaneous MT-Tx/DU-Rx): Enhanced power control scheme, DMRS antenna ports, Tx/Rx beam of IAB-MT
Proposal 1: To facilitate simultaneous operation of different multiplexing cases, the following restrictions on the transmission or reception of IAB-MT should be aware by the parent node 
· Multiplexing case A (Simultaneous MT-Tx/DU-Tx): Case#6 timing, Enhanced power control scheme, Tx/Rx beam of IAB-MT
· Multiplexing case B (Simultaneous MT-Rx/DU-Rx): DMRS antenna ports, Tx/Rx beam of IAB-MT
· Multiplexing case C (Simultaneous MT-Rx/DU-Tx): DMRS antenna ports, Tx/Rx beam of IAB-MT
· Multiplexing case D (Simultaneous MT-Tx/DU-Rx): Enhanced power control scheme, DMRS antenna ports, Tx/Rx beam of IAB-MT
On the support intra-CC FDM
In RAN1#104-e, there was a debate on whether to support the extension of the semi-static DU resource type indication to frequency-domain resources within a carrier. Even though there is a fair amount of support, the technical challenges to support FDM within one CC have also been provided. To facilitate further discussions, we provide some detailed examples in this section. 
In Re-16, the H/S/NA resource types are configured for IAB-DU in a periodic manner in time domain. Accordingly, the hard resources and soft resources that are indicated as available can be used by IAB-DU exclusively, i.e. there will be no additional constraints in frequency domain. To avoid the impact on IAB-DU, UE-specific periodic signals/channels, e.g. CORESET/TRS/CSI-RS/PUCCH/SRS, can be configured on hard resources. UE-specific aperiodic signals/channels, e.g. aperiodic TRS/CSI-RS/SRS, can either be transmitted on hard resources or soft resources that are indicated as available. In both cases, the IAB-DU can handle the transmission/reception of these signals/channels by proper configuration or scheduling from the parent node.
In comparison, if the semi-static DU resource type indication is extended to frequency domain, the H/S/NA resource types are configured for IAB-DU in both time and frequency domain. The immediate impact is that the IAB-DU resources become fragmented in frequency domain. The fragmented IAB-DU resources pose restrictions to both configuration and scheduling to signals/channels that occupies a large bandwidth. In particular for the child IAB-MT and access UEs, there are quite many signals and channels with higher-layer configured bandwidth, and the transmission or reception of these signals and channels may be interrupted if only part of frequency resources is available. In the following, we provide several examples.
Intra-CC FDM impact on PDCCH
The frequency resources of a CORESET is configured by RRC and cannot be changed dynamically in time. If intra-CC FDM is supported in some slots, the IAB-DU may not be able to transmit PDCCH in those slots. To cope with this, one option is to configure the associated search space sets only in slots with a larger BW, e.g. in DL slots which are configured as solely hard in frequency. This leads to a larger PDCCH monitoring periodicity which causes larger scheduling delay. Another option is to configure a CORESET with a smaller BW, in this case it is possible to configure the associated search space sets with a smaller periodicity. However, the PDCCH capacity becomes limited and the PDCCH is also less reliable due to frequency diversity loss.
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Figure 1 Configuring CORESET with a smaller BW (left) or a larger BW in FDM
Intra-CC FDM impact on TRS/CSI-RS
A typical TRS configuration occupies a larger bandwidth for fine time and frequency tracking. With intra-CC FDM, TRS with a larger BW may not fit in some slots. Configuring TRS with a smaller BW may bring in more transmission opportunities, but leads to inaccurate channel tracking. Intra-CC FDM also poses some limitations to CSI-RS configurations. Configuring CSI-RS with a smaller bandwidth may not work due to the impact on codebook determination and PDSCH scheduling since CSI measurement can only be done a part of the frequency band. On the other hand, one may configure TRS and CSI-RS with a larger bandwidth regardless of possible truncations in some slots. The issue with this is that truncation cannot be known by the child IAB-MTs or access UEs, which leads to significant performance degradation.
The bandwidth for aperiodic CSI-RS/TRS are pre-configured. To avoid the potential frequency resource conflict, aperiodic CSI-RS/TRS has to be limited to partial bandwidth for IAB-DU which has similar issues as discussed above. In addition, dynamic FDM indication may also have an impact on the aperiodic CSI-RS/TRS since the availability of frequency resource is uncertain. 
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Figure 2 Intra-CC FDM impact on TRS/CSI-RS configuration/transmission
Intra-CC FDM impact on PUCCH/SRS
SRS and PUCCH will also be impacted by intra-CC FDM. PUCCH/SRS within a larger BW may not fit in some slot due to the intra-CC FDM. Configuring PUCCH within a smaller BW leads to performance degradation due to frequency diversity loss. Configuring PUCCH with a larger BW poses both configuration restriction and scheduling restriction. As one example, periodic CSI carried by PUCCH can only be configured in slots with a larger BW. As another example, HARQ-ACK feedback in response to PDSCH or SPS release can only transmitted in slots with larger BW.
SRS requires frequency hopping in case of power limitation scenarios. Due to the intra-CC FDM, the IAB-DU may not be able to receive frequency hopping SRS. At the same time this also leads to unexpected SRS transmissions in FDMed slots/symbols which cause additional interference. Configuring SRS hopping within a smaller BW has similar impact as limiting the CSI-RS BW since the channel sounding can only performed on part of the frequency band.  
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Figure 2: An example for PUCCH resource confliction due to FDM
Observation 3: From the perspective of IAB-DU, the transmission and reception of signals/channels with higher-layer configured bandwidth will be interrupted by intra-CC FDM between IAB-MT and IAB-DU, which leads to both configuration and scheduling restrictions to UE-specific signals/channels.
It has been proposed that the cell-specific signals/channels can be regarded as hard resources, and therefore the impact due to frequency fragmentation can be avoided. However, the UE specific channels/signals with RRC configured bandwidth are very different, which cannot simply be treated as hard resources. In addition, it is almost impossible for parent node DU to be aware of all UE-specific periodic signals/channels served of child DU cells. Furthermore, with the dynamic FDM, it is even hard to harmonize DU resources and MT resources which may overlap to UE-specific periodic signals/channels.
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Figure 3: Huge overhead may be introduced for UE-specific periodic signals/channels
Observation 4: To introduce overriding rules for UE-specific periodic signals/channels leads to signaling storm between the IAB node and its parent nodes considering the number of UEs served by DU cells.


Guard band issue in intra-CC FDM
The resource efficiency due to the potential requirement of guard band was discussed during last meeting. The guard band mitigates the negative impact of Tx/Rx power imbalance between MT and DU. It should also be noted that for FDM, the beam selected for access and backhaul link also will also have an impact on the guard band. The beam selected by the IAB-MT depends on propagation environment of the IAB nodes and its parent node and it may be relatively static. However, the beam selected by the IAB-DU is dynamic depending on scheduling, e.g. the location of a child IAB-MT or access UE. Since the beam pair selected by the IAB-MT and IAB-DU is dynamic, the required guard band is also be dynamic. If a small guard band reserved for beam pairs which have good spatial isolation, interference between MT and DU may become an issue when beam pair is dynamically changed. If a large guard band reserved applicable for any beam, it leads to a low resource efficiency. 
Observation 5: The beam pair of IAB MT and DU may affect the size of required guard band and to reserve a guard band for any beam pair leads to low spectral efficiency.
Proposal 2: Intra-CC FDM is not supported considering the configuration and scheduling restrictions, potential performance degradation and low resource efficiency due to dynamic guard band.
TDD configurations enhancement for IAB-MT and IAB-DU
A prerequisite to enable simultaneous operation of IAB-node’s child and parent links is that the resource configurations of MT and DU should be in line with the TX/RX combinations on the resources where simultaneous operations occurs
· In case of full duplexing, i.e. simultaneous operation w.r.t. MT-TX/DU-RX and MT-RX/DU-TX, the IAB-MT and IAB-DU should have same link directions.
· In case of SDM, i.e. simultaneous operation w.r.t. MT-TX/DU-TX and MT-RX/DU-RX, the IAB-MT and IAB-DU should have opposite link directions.
In principle, the Rel-16 resource allocation schemes can be reused as a baseline to enable the simultaneous operation. However, to support the coexistence of TDM and no-TDM operations, some enhancements to the TDD configuration of IAB-MT and IAB-DU are necessary.
TDD configuration for MT
In Rel-16, the slot formats with the sequence order UL-Flexible-DL for IAB node MT were introduced, and the following agreement on the dedicated RRC signalling (referred as TDD-UL-DL-ConfigDedicated-IAB-MT) was achieved in RAN1#99:
	Agreements:
If the IAB-MT is additionally provided TDD-UL-DL-ConfigDedicated-IAB-MT, the parameter TDD-UL-DL-ConfigDedicated-IAB-MT overrides all symbols (with a limitation that effectively only flexible symbols can be overwritten in Rel-16) per slot over the number of slots as provided by TDD-UL-DL-ConfigurationCommon.


The legacy dedicated TDD configuration can only override the flexible symbols per slot over the number of slots as provided by tdd-UL-DL-ConfigurationCommon. According to the agreement, an enhanced overriding rule for IAB-MT is introduced, i.e., tdd-UL-DL-ConfigDedicated-IAB-MT can override all symbols per slot over the number of slots as provided by tdd-UL-DL-ConfigurationCommon.
However, Rel-16 IAB focuses on TDM operation, and therefore the enhanced overriding rule was not captured in specification, i.e., only flexible symbols can be overridden by tdd-UL-DL-ConfigDedicated-IAB-MT in Rel-16. To increase the opportunity of simultaneous operation, the limitation of the overriding rule in Rel-16 should be removed in Rel-17.
Proposal 3: If an IAB-MT is additionally provided TDD-UL-DL-ConfigDedicated-IAB-MT, the parameter tdd-UL-DL-ConfigurationDedicated-IAB-MT overrides all symbols per slot over the number of slots as provided by tdd-UL-DL-ConfigurationCommon.
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Figure 4. tdd-UL-DL-ConfigurationDedicated-IAB-MT without Rel-16 limitation
The UE behaviors related to tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated are captured in TS 38.213. In Rel-16, when tdd-UL-DL-ConfigDedicated-IAB-MT is provided, IAB-MT follows the UE behaviors by replacing tdd-UL-DL-ConfigurationDedicated with tdd-UL-DL-ConfigDedicated-IAB-MT. However, if tdd-UL-DL-ConfigurationDedicated-IAB-MT can override all symbols in Rel-17, the behavior of IAB-MT with tdd-UL-DL-ConfigurationDedicated-IAB-MT should be revisited.
For example, the following UE behaviors about TDD configurations and cell-specific signals/channels are specified in TS 38.213:
	For operation on a single carrier in unpaired spectrum, for a set of symbols of a slot that are indicated to a UE by ssb-PositionsInBurst in SIB1 or ssb-PositionsInBurst in ServingCellConfigCommon, for reception of SS/PBCH blocks, the UE does not transmit PUSCH, PUCCH, PRACH in the slot if a transmission would overlap with any symbol from the set of symbols and the UE does not transmit SRS in the set of symbols of the slot. The UE does not expect the set of symbols of the slot to be indicated as uplink by tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated, when provided to the UE.
For a set of symbols of a slot corresponding to a valid PRACH occasion and   symbols before the valid PRACH occasion, as described in Sublcause 8.1, the UE does not receive PDCCH, PDSCH, or CSI-RS in the slot if a reception would overlap with any symbol from the set of symbols. The UE does not expect the set of symbols of the slot to be indicated as downlink by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated.
For a set of symbols of a slot indicated to a UE by pdcch-ConfigSIB1 in MIB for a CORESET for Type0-PDCCH CSS set, the UE does not expect the set of symbols to be indicated as uplink by tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated.


It can be concluded from the above that the TDD configurations (tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated) should be compatible with the cell-specific channels and signals. 
However, retaining the above constraint for tdd-UL-DL-ConfigurationDedicated-IAB-MT can dramatically reduce the opportunities for simultaneous operations. Specifically, most of the downlink slots indicated by tdd-UL-DL-ConfigurationCommon contain SS/PBCH blocks in typical TDD UL/DL configurations. This is due to the fact that the slot configuration period is usually smaller than the period of SS/PBCH blocks, which means that these slots cannot be indicated as uplink by tdd-UL-DL-ConfigurationDedicated-IAB-MT, i.e. SDM Rx/Tx cannot be implemented in these slots. As an example in Figure 5, assuming the TDD configuration periodicity is 2.5 ms, it can be observed that all the first 4 slots within one TDD configuration period cannot be indicated as uplink according to current specification since the SS/PBCH blocks may be transmitted every 20 ms.
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Figure 5. tdd-UL-DL-ConfigurationDedicated-IAB-MT colliding with SS/PBCH blocks
To solve this problem, the specification should allow the collision between cell-specific signals/channels and tdd-UL-DL-ConfigurationDedicated-IAB-MT. In the slots with the collision, the IAB node should ignore tdd-UL-DL-ConfigurationDedicated-IAB-MT and it should be able to transmit/receive the cell-specific signals/channels. And in the TDD configuration periods or slots without collision, the IAB node can perform simultaneous operation according to the TDD configuration. As is shown in Figure 5, the tdd-UL-DL-ConfigurationDedicated-IAB-MT is ignored in the first TDD period because of the collision, but it can be valid in other TDD periods, which increase the resources for simultaneous operation significantly. 
In conclusion, we have the following proposal:
Proposal 4: To increase the resources for simultaneous operation, the specification should allow the collision between tdd-UL-DL-ConfigurationDedicated-IAB-MT and cell-specific signals/channels. In the slots with the collision, the IAB node should ignore tdd-UL-DL-ConfigurationDedicated-IAB-MT. The list of cell-specific signals/channels includes:
· SS/PBCH block
· CORESET for Type0-PDCCH CSS set
· PRACH
TDD configuration for DU
In Rel-16, slot formats with the sequence order UL-Flexible-DL are also supported by IAB node DU and donor DU. For a specific slot, if an UL-Flexible-DL slot format is provided to DU, the DU can only use the configuration to schedule child IAB-MT because the legacy UE cannot support the slot format as shown in Figure 6. However, the slot cannot be occupied by child IAB-MT in every TDD configuration period, i.e., in some TDD configuration periods, DU may still need to schedule UE in the slot. Therefore, a legacy DL-Flexible-UL configuration should also be provided to the DU for the slot.
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Figure 6: DU TDD configuration with UL-Flexible-DL slots
Therefore, the IAB node DU or donor DU should have two separate DU resource configurations for the different purposes. Specifically, a legacy DU resource configuration, which is compatible with Rel-15 slot formats of DL-flexible-UL order, can be used for both the access UEs and child node MTs. Besides, an additional DU resource configuration with the new slot formats with UL-flexible-DL order can only be used for child node MTs. When the DU communicates with the access UEs, it should use the basic DU resource configuration. When the DU communicates with the child node MTs, it can use both of the basic DU resource configuration and the additional DU resource configuration, as illustrated in Figure 7.
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Figure 7: Example of separate DU TDD-UL-DL configurations
Therefore, we have the following proposal
Proposal 5: Donor CU can provide two sets of resource configurations to each DU cell: a basic resource configuration for access UEs and one additional resource configuration for child IAB node MTs, and the DU cell should maintain two sets of DU resource configurations simultaneously.
Dual connectivity
According to the agreements in RAN1#103-e, inter-carrier intra-band DC will be supported in Rel-17 at least for FR2. 
For inter-carrier intra-band operation, an IAB node with half-duplex constraint can simultaneously receive the DL signals from the parent nodes, and simultaneously transmit the UL signals to the parent nodes; however, the IAB node cannot receive DL signals from one parent node and transmit UL signals to another parent node at the same time. 
One thing that needs to be discussed is whether there is a need to support simultaneous Rx/Tx for inter-carrier intra-band DC, which essentially means a full duplex IAB-MT. Note that in current specification inter-carrier intra-band NR-DC is not supported by the UE. Intra-band EN-DC is supported for a certain band combinations. Intra-band CA can also be supported depending on UE CA capability. For both intra-band EN-DC and intra-band CA, same TDD UL/DL configurations across different carriers are assumed in current specification. 
Theoretically, if an IAB node can support full-duplex to enable the simultaneously Rx/Tx between MT and DU, it may also be able to support the simultaneously TX/RX for DC. However, there are some differences between the two scenarios. First, if the two parent nodes for an IAB node are macro nodes, the TDD UL/DL configurations needs to be aligned in a practical deployment. In this case, one can still support full duplex between MT and DU but not simultaneous Rx/Tx at the MT. On the other hand, simultaneous TX or RX cannot be easily achieved in DC scenario, since the spatial and frequency isolation are even more difficult and this will lead to more complicated cross-link interference situations which may be difficult to manage by the donor node or parent node. At last, the key motivation to support DC is for backhaul link robustness and load balancing, the benefit of simultaneous TX/RX needs to be verified compared to the case when simultaneous Rx/Tx is not supported. 
Proposal 6: For inter-carrier intra-band DC, simultaneous Rx/Tx is not supported in Rel-17 for IAB.
To avoid the simultaneous Rx/Tx, timing synchronization and TDD alignment between parent nodes are required. For inter-carrier intra-band DC, the IAB node and the two parent nodes should be in same TDD network and DL transmissions are synchronized and there is no need to consider asynchronous operation.
In case two parent nodes have different TDD configurations, the donor should guarantee that simultaneous Rx/Tx will not happen at the IAB node. As an example shown in Figure 8, the slot formats of two parent nodes are same except for slot #3. The donor node can configure the corresponding DU slot as hard, and thus both of the parent nodes will not schedule the IAB-MT in the slot.
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Figure 8: Parent nodes with different TDD configurations
Observation 6: For inter-carrier intra-band DC, simultaneous Rx/Tx at the IAB node can be avoided by proper configuration of donor node.
In Rel-16 IAB with single parent node, when a downlink, uplink, or flexible symbol is configured as soft, the IAB-DU can respectively transmit, receive or either transmit or receive in the symbol only if
· the IAB-MT does not transmit or receive in the symbol, or
· the IAB-MT would transmit or receive in the symbol, and the transmission or reception in the symbol is not changed due to a use of the symbol by the IAB-DU, or 
· the IAB-MT detects a DCI format 2_5 with an AI index field value indicating the soft symbol as available
In DC scenario, the two parent node cannot exchange information dynamically. Therefore, they need to indicate the availabilities of soft resources of IAB-DU independently. 
For inter-carrier inter-band DC, this is not a problem since the frequency resources of the two backhaul links are on different bands, the availability indication of soft resources from the two parent nodes will not collide. Since this case is supported in Rel-16 at least from RAN1 point of view, some clarifications are needed for this case. More details can be found in [2].
For inter-carrier intra-band DC, this may become a problem since the frequency resources of the two backhaul links may be on adjacent carriers. The resource usage of both parent links may have an impact on the availability of same IAB DU soft resources. The two parent nodes may indicate the availability for the same DU soft resources separately. In this case, the availability of the soft resources should be clarified. One simple solution is to determine the availabilities of soft resources by considering the indications from both parent nodes. In case the IAB-MT is configured to monitor DCI format 2_5 from both parent nodes indicating the availability of the same IAB-DU soft resources, the IAB-DU can use the resource only when both of DCI format 2_5 with an AI index field value indicate the soft symbol as available. In case only one DCI format 2_5 indicates it as available, the IAB-DU may not be able to use a soft symbol since the other parent node may use the symbol for backhaul link as shown in Figure 9. 
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Figure 9 Dynamic indication of soft resource availability for inter-carrier intra-band DC
Therefore, we have the following proposal:
Proposal 7: In case of inter-carrier intra-band DC, the IAB-DU may use a soft symbol if the IAB-MT detects both DCI format 2_5 with an AI index field value indicating the soft symbol as available.
In DC scenario, the two parent nodes of an IAB-MT cannot exchange scheduling information dynamically, which may result in inefficient resource partitioning. To explain a bit more about the issue, we consider the scenario shown in Figure 10. Assuming TDM between IAB-MT and IAB-DU, the two parent nodes can schedule the IAB-MT in slots overlapped with the IAB-DU soft slots. With independent schedulers, the two parent nodes may schedule the IAB-MT either in same slots or different slots. If the two parent nodes schedule the IAB-MT in non-overlapped slots, the available resources left for the IAB-DU can be quite limited, which will reduce the spectral efficiency of the IAB node.
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Figure 10 resource partitioning between IAB-MT and IAB-DU in DC scenario
Observation 7: For intra-band inter-carrier DC, independent scheduling of two parent nodes can result in inefficient resource partitioning between IAB-MT and IAB-DU.
To increase the spectral efficiency, it is preferred that the two parent nodes can use overlapped resources to schedule the IAB-MT whenever possible so that more soft resources can be released to the IAB-DU. To achieve the purpose, resource coordination among donor node and two parent nodes should be considered. As one example, signaling can be provided to the parent nodes to indicate the preferred resources for the IAB-MT, which allow two parent nodes to use overlapped time domain resources with high priority.
Proposal 8: To avoid inefficient resource partitioning between IAB-MT and IAB-DU in case of DC, resource coordination between the two parent nodes is supported so that more resources can be released to the IAB-DU.
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Based on the discussion, we have following observations and proposals:
Observation 1: There is no need to support the indication/reporting of time/frequency resource restrictions for a given multiplexing capability. 
Observation 2: The temporal applicability of a given multiplexing capability can be combined with the other restrictions/conditions required to realize the given multiplexing capability such as timing mode, power control, DMRS antenna port and Tx/Rx beam of IAB-MT.
Observation 3: From the perspective of IAB-DU, the transmission and reception of signals/channels with higher-layer configured bandwidth will be interrupted by intra-CC FDM between IAB-MT and IAB-DU, which leads to both configuration and scheduling restrictions to UE-specific signals/channels.
Observation 4: To introduce overriding rules for UE-specific periodic signals/channels leads to signaling storm between the IAB node and its parent nodes considering the number of UEs served by DU cells.
Observation 5: The beam pair of IAB MT and DU may affect the size of required guard band and to reserve a guard band for any beam pair leads to low spectral efficiency.
Observation 6: For inter-carrier intra-band DC, simultaneous Rx/Tx at the IAB node can be avoided by proper configuration of donor node.
Observation 7: For intra-band inter-carrier DC, independent scheduling of two parent nodes can result in inefficient resource partitioning between IAB-MT and IAB-DU.
Proposal 1: To facilitate simultaneous operation of different multiplexing cases, the following restrictions on the transmission or reception of IAB-MT should be aware by the parent node 
· Multiplexing case A (Simultaneous MT-Tx/DU-Tx): Case#6 timing, Enhanced power control scheme, Tx/Rx beam of IAB-MT
· Multiplexing case B (Simultaneous MT-Rx/DU-Rx): DMRS antenna ports, Tx/Rx beam of IAB-MT
· Multiplexing case C (Simultaneous MT-Rx/DU-Tx): DMRS antenna ports, Tx/Rx beam of IAB-MT
· Multiplexing case D (Simultaneous MT-Tx/DU-Rx): Enhanced power control scheme, DMRS antenna ports, Tx/Rx beam of IAB-MT
Proposal 2: Intra-CC FDM is not supported considering the configuration and scheduling restrictions, potential performance degradation and low resource efficiency due to dynamic guard band.
Proposal 3: If an IAB-MT is additionally provided TDD-UL-DL-ConfigDedicated-IAB-MT, the parameter tdd-UL-DL-ConfigurationDedicated-IAB-MT overrides all symbols per slot over the number of slots as provided by tdd-UL-DL-ConfigurationCommon.
Proposal 4: To increase the resources for simultaneous operation, the specification should allow the collision between tdd-UL-DL-ConfigurationDedicated-IAB-MT and cell-specific signals/channels. In the slots with the collision, the IAB node should ignore tdd-UL-DL-ConfigurationDedicated-IAB-MT. The list of cell-specific signals/channels includes:
· SS/PBCH block
· CORESET for Type0-PDCCH CSS set
· PRACH
Proposal 5: Donor CU can provide two sets of resource configurations to each DU cell: a basic resource configuration for access UEs and one additional resource configuration for child IAB node MTs, and the DU cell should maintain two sets of DU resource configurations simultaneously.
Proposal 6: For inter-carrier intra-band DC, simultaneous Rx/Tx is not supported in Rel-17 for IAB.
Proposal 7: In case of inter-carrier intra-band DC, the IAB-DU may use a soft symbol if the IAB-MT detects both DCI format 2_5 with an AI index field value indicating the soft symbol as available.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 8: To avoid inefficient resource partitioning between IAB-MT and IAB-DU in case of DC, resource coordination between the two parent nodes is supported so that more resources can be released to the IAB-DU.
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