3GPP TSG-RAN WG1 Meeting #106-e	R1-2108107
Online, August 16th – 27th 2021

Agenda Item:	8.10.1
Source:	Ericsson
Title:	Resource multiplexing and dual connectivity in enhanced IAB
Document for:	Discussion, Decision

Introduction
[bookmark: _Hlk74596809]The WID for enhanced IAB specifies the following objectives of IAB work item regarding resource multiplexing [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 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, in [3], we provide a contribution about an issue when a symbol receives multiple DCI Format 2_5 indications.
Resource multiplexing
FDM-based simultaneous operation
[bookmark: _Hlk74596840]Frequency domain multiplexing of IAB-DU and IAB-MT is an advantageous simultaneous operation which can provide greater network flexibility, reduced latency and enhanced CLI management. In IAB FDM operation, spectrum will be coordinated to allow for simultaneous IAB-MT and IAB-DU operation. 
In RAN1#105-e, the following objectives of frequency domain resource multiplexing were agreed [4]:
	Agreement

For frequency domain multiplexing, H/S/NA configurations for an IAB-node are provided separately in addition to the Rel-16 H/S/NA
Agreement
The minimum resource size for configuring the frequency domain granularity is a set of N RBs:
· Candidate values for N: {4, 8, 16, other values TBD}
· N is at least the # PRBs that are corresponding to the MT’s # PRBs of an RBG.
· FFS: Scaling or configuration of N based on system BW or size of IAB-MT BWP

Agreement
If an IAB node is configured with a frequency-domain H/S/NA configuration down select between the following options:
· Alt. 1 Either the Rel-16 H/S/NA configuration or frequency domain configuration is applied for a given resource
· FFS: Whether configurations are switched with per-slot, per-resource type within a slot, or per-symbol granularity
· Alt. 2 The Rel-16 H/S/NA configuration and frequency domain configuration are jointly applied

Agreement

DCI Format 2_5 is reused to support soft resource availability indications for frequency-domain resources
· FFS: If additional enhancements are necessary



[bookmark: _Ref58590315]Frequency-domain H/S/NA
For an IAB-node capable of simultaneous operation, the IAB-MT and IAB-DU can use time-domain resources simultaneously but need coordination on the usage of frequency-domain resources. As agreed in the RAN1#104bis-e and RAN1#105-e meetings, configuring frequency-domain resources with H/S/NA attributes is supported in Rel-17 IAB to enable certain coordination between the IAB-node and its parent node about the frequency-domain resources.  
The FDM resource allocations to which the frequency domain H/S/NA resource types apply should be compatible with resource allocation in frequency-domain for Rel-16 access UEs since this will simplify efficient resource utilization between UEs and IAB-nodes. As presented in TS 38.214  [5] (Section 5.1.2.2 for DL and 6.1.2.2 for UL), resource block groups (RBGs) are used for this purpose. The intention of defining H/S/NA frequency resources is to coordinate between IAB-DU and collocated IAB-MT. That means the configured IAB-DU resources should be aligned with the configured IAB-MT resource grid which is given in RBGs according to IAB-MT’s BWP size and RBG configuration. Any deviation, either upwards or downwards, will result in fractional resources for the IAB-MT that cannot be used for scheduling if, e.g., an overlapping Hard DU resource is configured. In order to have a meaningful and efficient resource configuration between IAB-MT and IAB-DU, the IAB-DU would always need to be configured in multiples of, and aligned with, IAB-MT RBGs. We would like to emphasize that this IAB-MT/-DU HSNA frequency resource alignment means no limitation in how resources that are available for the IAB-DU are used for scheduling UEs. As agreed in the RAN1#105-e meeting, the minimum resource size for configuring the frequency domain granularity is a set of N RBs, and N is at least the number of PRBs that correspond to the IAB-MT’s number of PRBs in an RBG. Additional candidate values, other than {4, 8, 16}, is for further study. Given that a BWP can have maximum 275 PRBs, including N = 32 and N = 64 will allow a configuration of 8 or 4 RB-sets within a cell (275/32 and 275/64), which we think would be the most common configurations. 
[bookmark: _Toc79179705]The following candidate values of N for configuring the frequency domain granularity in RBs are advantageous: {4, 8, 16, 32, 64}.
Unfortunately, using this RB range requires three bits for indexing. The size of resource block groups (RBG) for UEs is specified relative to the number of resource block in a BWP, see TS 38.214 [5]. The underlying assumption is that scheduling frequency resources for UEs in a larger bandwidth scenario will also happen in larger number of RBs. The same understanding can be translated into an efficient approach for indexing N by relating it to the configured RBG size of the co-located IAB-MT. That way, two bits would be sufficient to indicate the full range of the configurable number of RBs, by using the set of RBs corresponding to, e.g., {1 RBG, 2 RBG, 4 RBG, 8 RBG}, see Table 1.
[bookmark: _Ref77075055]Table 1: Relation of N for IAB-DU configuration and the RBG size of the IAB-MT.
	MT RBG size [PRBs]
	N

	2
	4
	8
	16
	32
	

	4
	4
	8
	16
	32
	

	8
	
	8
	16
	32
	64

	16
	
	
	16
	32
	64


Furthermore, per the agreement that “N is at least the # PRBs that are corresponding to the MT’s # PRBs of an RBG,” it is evident that the candidate values for N must be made dependent on the MT’s RBG configuration, since otherwise, for larger MT’s RBG sizes (e.g., 16), the candidate values will also comprise values that are smaller than the RBG size (e.g., 4 or 8).
[bookmark: _Toc79179706]In order to meet earlier agreements, the candidate values for N must depend on the MT’s RBG configuration.
Making the candidate values depending on the MT’s RBG size brings about the advantage that more flexible values may be included in the set. For example, instead of using the set {1 RBG, 2 RBG, 4 RBG, 8 RBG}, a set including non-power of twos may instead be used, e.g., {1 RBG, 2 RBG, 3 RBG, 4 RBG}, as presented in Table 2.
[bookmark: _Ref77174107]Table 2: Relation of N for IAB-DU configuration and the RBG size of the IAB-MT for non-power of twos candidate values
	MT RBG size [PRBs]
	N

	2
	2
	4
	6
	8

	4
	4
	8
	12
	16

	8
	8
	16
	24
	32

	16
	16
	32
	48
	64


For the above reasons, we propose that the candidate values of N for a given RBG configuration is determined according to the following proposal:
[bookmark: _Ref77071832][bookmark: _Toc79179715]The frequency domain granularity, i.e., the N RBs in an RB set is related to MT’s number of PRBs in an RBG, NRB(RBG), such that:
[bookmark: _Toc79179716]N = {1, 2, 4, 8} × NRB(RBG) or N = {1, 2, 3, 4} × NRB(RBG).
Another differing aspect between time-domain and frequency-domain resources is the interference between adjacent resources. In the TDM case, if the IAB-DU and IAB-MT use different slots, there is no interference between IAB-DU and IAB-MT. But in the FDM case, if IAB-DU uses RB-Set1 and IAB-MT uses RB-Set2, where RB-Set1 and RB-Set2 are contiguous, or adjacent, there may still be interference between IAB-DU and IAB-MT. This is particularly relevant if both dynamic or semi-static DL and UL power control is introduced, resulting in the IAB-DU and IAB-MT use different transmit power and thereby introducing a variable intra-carrier ACLR (technically, ACLR is not the entirely correct term, but reflects the problem) or 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 RB-Sets cannot be excluded due to non-orthogonality between subcarriers. These issues should be considered when specifying frequency-domain H/S in terms of the usage of certain resources at the IAB-DU/MT and the impact on IAB-MT/DU.
To have a common understanding of frequency-domain resources, and in line with normal UE scheduling, the frequency-domain resources at the IAB-MT side are also divided into RB-Sets the same way as IAB-DU. To minimize signaling, we propose that any guard band is managed by the IAB-DU and hence contained within the Hard or Soft-IA resource:
· For frequency-domain Hard resource: the IAB-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 RB-Set), provided it does not impact the MT’s ability to transmit and receive in any other resource (i.e., other RB-Sets).
· For frequency-domain Soft resource: the IAB-DU can use the resource only if it does not impact the MT’s actual ability to transmit and receive in any resource (i.e., both the same RB-Set and other RB-Sets).
· For frequency-domain NA resource: the IAB-DU cannot use the resource. 
Basically, the definition of Soft and NA resources as in TS 38.213 [6] is still eligible for frequency-domain Soft and NA resources. But further clarification on the Hard resource type is needed to also include the frequency-domain Hard resource.
Figure 1 exemplifies FDM configurations for 4 DL slots and 1 UL slot. The first 2 DL slots have the same frequency domain configuration which allocates more resources to IAB-DU operation. In the third slot the resource is entirely allocated to the IAB-MT operation, while in the fourth DL slot, the resource is provided only to IAB-DU operation. The reason for this could, e.g., be to separate DL access and backhaul traffic. Finally, the UL slot is configured with only Hard frequency domain resources.

[image: Chart

Description automatically generated]
[bookmark: _Ref74242116]Figure 1: Illustration of FDM operations for different slots at one IAB-node.

An implication of the above definition of frequency domain H/S/NA is illustrated in Figure 2. The blue shaded RB-Sets are the ones configured to be used either by IAB-MT or IAB-DU. If the IAB-DU uses RB-Set2 and the IAB-MT uses RB-Set3 simultaneously, they may interfere with each other. Hence, the IAB-DU reserves multiple subcarriers at the upper edge of RB-Set2 to avoid such interference.
Guard bands/subcarriers may be needed for IAB-nodes with separate MT and DU front ends or if IAB-MT power control is introduced such that the IAB-MT is affected negatively by leakage from IAB-DU associated transmit signals, but even for such architectures or some configuration that may not necessarily be the case. Even if guard bands are needed, a properly configured network would only require one such band, significantly reducing overhead. In large BW carriers, the loss from introducing such a guard band is negligible.
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Description automatically generated with medium confidence]
[bookmark: _Ref74242167]Figure 2: Illustration of resource usage of frequency-domain H/S/NA.

A further rationale for allocating the guard band within Hard or S-IA resources is that the control of the guard band is entirely contained within the IAB-node itself. Considering that the guard band may be dynamic, e.g., due to changes in relative IAB-MT and IAB-DU transmit power levels – other solutions would likely imply substantial and unnecessary signaling overhead.
[bookmark: _Toc71663377][bookmark: _Toc79179707]By introducing both DL and UL power control, the intra-carrier ACLR interference is variable and may hence require extensive dynamic signaling unless handled internally in the IAB-DU.
[bookmark: _Toc58832841][bookmark: _Toc61903476][bookmark: _Toc71663388][bookmark: _Toc79179717]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 actual ability to operate in any other resource according to the configuration of that resource.
[bookmark: _Toc71663389][bookmark: _Toc79179718]FFS: How to address the Soft Indicated Available IAB-DU resources.
[bookmark: _Ref68521754]Coexistence of simultaneous operation and TDM
[bookmark: _Hlk75727890][bookmark: _Hlk75727975]When an IAB-node is capable of FDM, it can be configured with frequency-domain H/S/NA as described in Sec. 2.1.1, which allows increased network flexibility. Generally speaking, it is beneficial to have H/S/NA resources for an IAB-DU configured based on the multiplexing capability of the IAB-node, which is typically provided from the IAB-node to the IAB-donor-CU via the F1 signaling. For example, time-domain H/S is not needed in simultaneous operations since IAB-MT and IAB-DU can use the time-domain resources at the same time. In an operational network, 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. It could happen that the semi-static resource configuration becomes inconsistent with the updated IAB multiplexing capability, and accordingly the intended H/S/NA configuration cannot be used by the IAB-node. For example, when the conditions for simultaneous transmission or reception temporarily fail, the IAB-node should smoothly fall back and operate in a TDM mode, without causing radio link failure. It is therefore useful 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: _Toc71663390][bookmark: _Toc79179719]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.
Even though an IAB-node is provided with both TDM and FDM resource multiplexing configurations, the use of TDM or FDM is orthogonal which means that for a certain time resource (e.g., a slot) either one or the other multiplexing mode is used. If a slot is configured in TDM mode, the time-domain H/S/NA configurations will apply to the entire bandwidth; whilst if a slot is configured in FDM mode, different RB-Sets within the serving cell bandwidth can be configured with different frequency-domain H/S/NA resources. The above allows for mixed TDM and FDM operation for orthogonal time-frequency resources in an IAB-node, i.e., TDM and FDM can be configured and operate independently. Consequently, the parent IAB-node and child IAB-nodes may operate in different multiplexing modes in the same slot. Figure 3 exemplifies that an IAB-node is provided both TDM and FDM H/S/NA configurations whereas for a certain slot either TDM H/S/NA or FDM H/S/NA is applied.  
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[bookmark: _Ref74595913]Figure 3: An example of TDM/FDM H/S/NA application.

Finally, the semi-static configurations of TDM and FDM H/S/NA can be provided to the IAB DU in the same F1 message, for example in the gNB-DU Cell Resource Configuration (9.3.1.107 in TS 38.473 [7]) the FDM H/S/NA is provided separately with respect to TDM H/S/NA, in terms of RB-Sets.
[bookmark: _Toc71663391][bookmark: _Toc79179720]Support separate TDM and FDM configurations in an IAB-node.
[bookmark: _Toc71663392][bookmark: _Toc79179721]Support operation in either TDM or FDM modes on a per-slot basis.
[bookmark: _Toc79179722]Support indicating both time-domain and frequency-domain H/S/NA in the same gNB-DU Cell Resource Configuration (9.3.1.107 in TS 38.473 [7]).
[bookmark: _Toc79179723]The frequency-domain H/S/NA is provided per slot.
DCI 2_5 for frequency-domain Soft resource
In Rel-16 IAB there are two ways for an IAB-node to determine the availability of the soft time-domain IAB-DU resource: by implicit indication and explicit indication (signaled by the parent IAB-node). The explicit indication, referred to as Availability Indication (AI), uses DCI Format 2_5 for dynamically indicating the availability of IAB-DU Soft resource in a slot. The explicit indication of frequency-domain Soft resources can be based on similar principles as the time-domain DCI 2_5 introduced in Rel-16. According to the agreement from the RAN1#104bis-e meeting, the following two alternatives should be considered:
Alt. 1: Separate TDM and FDM indications
Alt. 2: Joint TDM and FDM indications
As motivated in Section 2.1.1, the TDM and FDM resource configurations should be configured and provided independently, the availability indication of TDM soft resource and FDM soft resource should also be configured and provided independently. On the other hand, in FDM, the availability of time and frequency domain soft resource could be indicated jointly. To be backwards compatible with the Rel-16 Availability Indication and to limit the specification impact, the legacy DCI format 2_5 can be extended to jointly coordinate the usage of the time and frequency Soft resources. In particular, the format of the legacy availability combination table (availabilityCombinations) should be reused.
[bookmark: _Toc79179708][bookmark: _Toc71634975][bookmark: _Toc71635317][bookmark: _Toc71635383][bookmark: _Toc71635510][bookmark: _Toc71635705][bookmark: _Toc71635786][bookmark: _Toc71635818][bookmark: _Toc71636111][bookmark: _Toc71636172][bookmark: _Toc71636608][bookmark: _Toc71636682][bookmark: _Toc71636852]For explicit availability indication of frequency-domain Soft resources, support joint indication of time and frequency Soft resources, including reusing the Rel-16 availabilityCombinations.
In Rel-16, an AI index field value in a DCI format 2_5 indicates to an IAB-DU a soft symbol availability for a sequence of slots over the whole bandwidth of the serving cell. AI indication for frequency domain resources can be per resources block (RB) or group of RBs (see the discussion of frequency domain granularity in Section 2.1.1). As it does not make a difference and groups of RBs also cover the case of one RB, we will assume groups of RBs denoted as RB-sets. When transmission/reception resources of a cell are partitioned into (multiple) RB-Sets, there can be multiple frequency-domain soft resources RB-Sets associated to the same slot. In this case, multiple DCI format 2_5 can be configured where each one corresponds to one RB-Set, with an associated DU-RB-Set identifier, referred to as RB-Set-ID (similar to slot numbers or IDs). Figure 4 gives an example of enhancement of availability indication to include frequency domain soft resource RB-Sets by using RB-set-ID (the greyed column in the figure), where the legacy availabilityCombinations is provided for each RB-Set of a serving cell. In the legacy provisioning of availabilityCombinations, the location information is only associated to the cell-ID. In the enhanced way of provisioning availabilityCombinations, the location information can be associated to both the cell-ID and RB-Set-ID. 
[bookmark: _Toc79179724]Support multiple frequency domain DCI format 2_5 associated to the same time slot.
[bookmark: _Toc77072299][bookmark: _Toc77072300]
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[bookmark: _Ref77177356]Figure 4: An example of enhancement for frequency domain resource availability indication by associating a legacy availabilityCombinations to configurable IAB-DU RB-Sets.
Space domain multiplexing
For simultaneous operation, it is also possible to envision space domain multiplexing of resources. The space domain differs compared to time and frequency domain multiplexing in the sense that the same time-frequency resources would be available to both the IAB-DU and IAB-MT as long as interference is limited. 
In RAN1#105-e the following objectives of spatial domain resource multiplexing were agreed [4]:
	Agreement
In case of simultaneous MT/DU operation, 
· the parent node can dynamically indicate to the child node at least a set of restricted beams at the IAB-DU of the child node
· the child node can dynamically report to the parent node a set of recommended beams, not preferred beams, or both recommended and not preferred beams of the IAB-MT of the child node
· FFS: Whether the specification supports all reporting combinations.
· FFS: Applicability to specific multiplexing cases or specific time-frequency resources
· FFS: Additional semi-static signaling 
· FFS: Per-panel granularity in addition to per-beam granularity
· FFS: Relationship between child IAB-MT beam indication and parent IAB-DU beam indication
· Note: This does not preclude any enhancements for either DU or MT-based CLI measurement and reports



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 time-domain H/S mechanism is not needed due to the space-domain orthogonality. As pointed out in Section 2.1.1, H/S/NA resource configuration was agreed to be extended to the frequency domain. Considering the Rel-16 H/S/NA resource configurations, a Hard configuration implies that the IAB-DU cell unconditionally can use a symbol (i.e., the IAB-MT is not required to use it), Soft, that the IAB-DU cell conditionally can use the symbol and Not Available that the IAB-DU cannot use the symbol at all. Generalizing these constraints to both time and frequency domain implies that the IAB-DU and IAB-MT may only simultaneously operate in Soft (time and/or frequency) resources. For an IAB node configured to operate in SDM, Soft resources may be available for space domain simultaneous operation through implicit indication, considering the newly adopted soft resource specification, that the IAB-DU can use a resource provided
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.
This definition is also in line with our above assumed definition of implicit indication of frequency-domain Soft resources,
For frequency-domain Soft resource: the IAB-DU can use the resource only if it does not impact the MT’s actual ability to transmit and receive in any resource (i.e., both the same RB-Set and other RB-Sets).
For IAB-nodes with no TDM required capability, the same would apply in TDM Soft resources.
[bookmark: _Toc79179709]Using FDM (and TDM for IAB nodes that do not require TDM) H/S/NA resource configuration, Soft resources can be used for SDM simultaneous operation with implicit indication and is analog to Rel-16 H/S/NA specification.
[bookmark: _Toc71663397][bookmark: _Toc79179725]Resources for SDM are available in FDM (and TDM for IAB nodes that do not require TDM) Soft resources through implicit indication.
Using Soft resources for SDM would make Soft resources the natural configuration for most resource due to the resulting performance increase. However, Hard and Not Available resources would still be necessary for the IAB-DU and the parent IAB-DU, respectively, for accessing child IAB nodes or UEs that are accessed by beams that may cause interference in the communication between the IAB-MT and the parent IAB-DU. Hence, management of non-orthogonal resources will not require any additional specification work. Furthermore, explicit indication of Soft resources, analogue to Rel-16 specification, would allow the IAB-DU unrestricted use of its resources, i.e., would allow IAB-DU access also on restricted beams.
[bookmark: _Toc79179710][bookmark: _Toc76043293][bookmark: _Toc76043384][bookmark: _Toc77245645][bookmark: _Toc77706037]In SDM simultaneous operation, beams, serving child IAB nodes or UEs, that are interfering with the beam serving the parent IAB node may be scheduled in Hard resources.
It was agreed in the RAN1#105e meeting that the parent node can dynamically indicate to the child node at least one set of restricted beams at the IAB-DU of the child node. These beam restrictions, contrary to interference management restrictions, should only be applicable in resources where SDM is used, i.e., Soft TDM/FDM slots. Accordingly, the time-domain or frequency-domain explicit availability indication for soft slots could override the SDM beam restrictions.
[bookmark: _Toc79179726]Beam restrictions (contrary to interference management restrictions) are only applicable to resources where SDM is used (i.e., Soft).
[bookmark: _Toc79179727]Explicit availability indication overrides SDM beam restrictions in Soft resources.
[bookmark: _Hlk75641102]Practically, we think that using the IAB-specific SSB is the natural choice for determining restricted IAB-DU beams since it is designed and developed for inter-IAB node discovery and measurement, and SSB is the signal that defines the coverage of a cell. Furthermore, specific CSI-RS beams, carrying PDSCH, or SRS beams, carrying PUSCH may both be mapped to a specific SSB, allowing the set to be relevant also for these beams. Considering the difference at task compared to the normal TCI beam combination, i.e., determining interfering beams instead of selecting a few best beams, using SSBs will provide a sufficient resolution in the beam restriction. On the contrary, determining the restricted beams based on CSI-RS or SRS would necessitate more measurements and a more complicated beam restriction procedure in order to first determine which CSI-RS or SRS beams were used, and then perform measurements on said beams.
Different from the legacy beam management procedure, the IAB-DU should sweep its SSB beams while the parent IAB-MT performs the measurement and determines the set of restricted IAB-DU DL TX beams. In principle, the same semi-static TCI configuration can be shared by all multiplexing modes, TDM/FDM/SDM. The parent node indicated restricted beams can be used to deactivate the corresponding IAB-DU DL TCI states, as well as the Child IAB-MT UL TCI states, provided reciprocity applies between transmit and receive IAB-DU beams. 
[bookmark: _Toc79179711]The IAB-specific SSB is agreed on and specified for inter-IAB node discovery and measurement, making it suitable for determination of restricted IAB-DU beams in SDM with little or no overhead.
[bookmark: _Toc79179712]SDM can share the same TCI configuration as TDM/FDM. The set of restricted IAB-DU beams can be used to deactivate the corresponding IAB-DU DL TCI states.
In RAN1#105e, it was additionally agreed that a child node can dynamically report to the parent node a set of recommended beams, or a set of not preferred beams, or both recommended and not preferred beams of IAB-MT of the child node. First, the evaluation of the IAB-MT beams, including DL RX beams and UL TX beams, can reuse the legacy beam management framework.  It should be noted that the IAB-node can only report the beams that can be received by the IAB-MT. There is no guarantee that the IAB-MT receives all beams from the parent IAB-DU. Hence, the set of not preferred beams cannot be complete. Furthermore, the set of beams that an IAB-MT cannot receive is for sure much larger than the set of beams which can be measured. Based on the above observations, we think the child node should indicate a set of preferred beams to the parent node, which can include preferred IAB-MT DL RX beams and/or IAB-MT UL TX beams.
[bookmark: _Toc79179728]The child node indicates a set of preferred beams to the parent node, which can include preferred IAB-MT DL RX beams and/or IAB-MT UL TX beams.
[bookmark: _Ref67427596]Multiplexing ability signaling
In RAN1#105-e, the following objectives of multiplexing capability signaling were agreed [4]:
	Agreement
The parent IAB-node is dynamically provided with conditions/parameters to facilitate adaptation between multiplexing operation modes:
· FFS: Required number of guard symbols for switching of multiplexing mode (FFS: per timing mode or per multiplexing mode) for IAB-DU
· FFS: Signalling procedure
· FFS: Required guard band for FDM
· FFS: other conditions, e.g. required timing mode, required power control parameters, and preferred TCI.


The semi-static configuration of H/S/NA in time domain and preferably in frequency domain is based on the multiplexing capability of the IAB-node. The parent node can be provided with the multiplexing capability information, which has been indicated to the IAB-donor-CU. If the parent node has the information of all H/S/NA configurations that have been provided to the IAB-DU, 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: _Toc79179729]A parent node can be made aware of all IAB-DU resource configurations, including both time-domain and frequency-domain H/S/NA configurations.
However, the ability to exploit the multiplexing capability of the IAB-node may change due to local circumstances, such as changes of propagation channel, 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 a given hardware capability, the IAB-MT and IAB-DU can conduct simultaneous transmission and/or reception. In Rel-16 IAB, the IAB-node 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 the dynamic conditions or abilities of the IAB node, 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-ability changes at the IAB-node. To facilitate adaptation between multiplexing operation modes, some conditions/parameters (e.g., guard symbols) do not necessarily need to be signaled as frequently as the multiplexing ability, and some conditions/parameters (e.g., timing modes) may need to be signaled more frequently than the multiplexing ability. Therefore, it is reasonable to provide the diverse conditions/parameters separately from the multiplexing ability reporting.
[bookmark: _Toc54382829][bookmark: _Toc58832847][bookmark: _Toc61903482][bookmark: _Toc71663400][bookmark: _Toc79179730]The parent IAB-node is dynamically provided with changes of the IAB-node’s ability to exploit a multiplexing capability.
[bookmark: _Toc79179731]The multiplexing ability reporting is signaled separately from the operational conditions/parameters for determined multiplexing operation modes.
[bookmark: _Toc75943629][bookmark: _Toc76035061][bookmark: _Toc76043318][bookmark: _Toc76043409][bookmark: _Toc76043319][bookmark: _Toc76043410][bookmark: _Toc71663401][bookmark: _Toc79179732]Whether or not to switch to FDM/SDM should be based on the ACK/NACK response from the parent IAB-node.
[bookmark: _Toc79179733]Whether the simultaneous operation is TX or RX is determined according to the UL/DL configuration of the IAB-DU. 
[bookmark: _Toc79179734]In a slot when FDM configuration is not provided, TDM configuration applies.
Figure 5 presents an illustration on how the dynamic switching could work. Prior to Slot 0, the IAB nodes receives an ACK, indicating that the IAB node should switch to FDM/SDM mode at Slot 0. Without any renewed FDM/SDM request, the IAB node could fall back to TDM for example if only TDM configuration is provided by the donor-CU (see Slot 3 in Figure 5), or if the operational conditions do not support simultaneous operation, (see Slot N in Figure 5). Should the IAB node and the parent node, prior to Slot N, again agree to FDM/SDM operation, the IAB node will instead continue operating in simultaneous multiplexing mode.
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[bookmark: _Ref75445043]Figure 5: Dynamic switching between TDM and FDM operation modes.

When the conditions for simultaneous transmission or reception temporarily fail, the IAB-node should fall back and operate in a TDM mode smoothly, without causing radio link failure. An ACK response from the parent IAB-node is therefore not required when a fallback to TDM occurs.
[bookmark: _Toc79179735]Fallback to TDM does not need an ACK response from the parent IAB-node.
In TDM, an IAB-node is not limited to only operate in Case-1. In principle, a node operating in TDM can also apply a Case-6 timing configuration; it could even operate in TDM in a mixed Case-1 and Case-6 timing configuration. This is different to FDM which, for some IAB-nodes (depending on implementation), strictly requires Case-6, whereas for other nodes, if capabilities allow, Case-6 might not be required for principal FDM operation. It has been agreed in [17] that, e.g., Case 6 timing is supported in Rel-17 for IAB-nodes operating in multiplexing scenario Case 1, but not that it is required.
	Agreement
· Case 7 timing is supported in Rel-17 for IAB-nodes operating in multiplexing scenario Case 2 (simultaneous MT-Rx/DU-Rx)
· Case 6 timing is supported in Rel-17 for IAB-nodes operating in multiplexing scenario Case 1 (simultaneous MT-Tx/DU-Tx)
· RAN1 should strive to minimize specification impact due to this feature
· FFS: Whether Case 7 timing is supported in Rel-17 for IAB-nodes operating in multiplexing scenario Case 4 (simultaneous MT-Tx/DU-Rx)


Assuming slots that are used in a Case-6 or Case-7 timing configuration cannot be used for normal UE operation, it follows that there must be some UL and DL slots in Case-1 timing configuration. It is not clear how a node can determine which timing to use for which configuration. It should therefore be discussed.
[bookmark: _Toc79179736]RAN1 should consider how an IAB-node can determine which timing mode to use for which multiplexing mode.
[bookmark: _Toc79179737]RAN1 should consider how to configure timing for IAB node(s) based on multiplexing ability (including parent IAB-node (Case-6) and child IAB-node (Case-7)).
[bookmark: _Toc79179738]In a slot when FDM configuration is not provided, Case-6 timing is not required.
[bookmark: _Ref68176278]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 alternatives of the timing-alignment combinations 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 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, indicating on the set of guard symbol combinations to use. Different groups of guard symbols can be composed as in Figure 6.
[image: ]
[bookmark: _Ref74597259][bookmark: _Ref79179569]Figure 6: Potential groups of Desired/Provided Guard Symbols for Rel-17 IAB enhancement.

[bookmark: _Toc61903487][bookmark: _Toc71663396][bookmark: _Toc79179739]Desired/Provided Guard Symbols are signaled in multiple groups that covers all relevant switching combinations among Case #1, Case #6 and Case #7 timing alignments.
Cell-specific signals at IAB-MT
In RAN1#104-e, the following objectives of IAB-MT behavior in case of resource configuration conflict were agreed [8]:
	Agreements:
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)


This means in simultaneous operation, the 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, should follow the same rule as in Rel-16 that the resource is treated as if it were a Hard IAB-DU resource, even if a DU NA or Soft resource is configured. 
[bookmark: _Toc54382827][bookmark: _Toc58832845][bookmark: _Toc61903480]Meanwhile, 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: _Toc71663403][bookmark: _Toc79179740]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) symbols are simultaneously indicated as both UL and for SSB reception,
2) symbols are simultaneously indicated as both DL and for PRACH transmission, or,
3) symbols are simultaneously indicated as both UL and for CORESET for Type0-PDCCH CSS set.
However, an IAB-MT does not necessarily follow the same rule. In RAN1#-96bis [9], 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 above 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, stable 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 [10] 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 subframe or slot offset to enable non-overlapping IAB-specific 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, or,
3) not receive SIB if the associated symbols are indicated as UL. 
[bookmark: _Toc71663404][bookmark: _Toc79179741]For an IAB-MT, 
a. [bookmark: _Toc71636637][bookmark: _Toc71636711][bookmark: _Toc71636881][bookmark: _Toc71637088][bookmark: _Toc71663405][bookmark: _Toc79179742]an indicated transmission overrides a configured SSB reception,
b. [bookmark: _Toc71636639][bookmark: _Toc71636713][bookmark: _Toc71636883][bookmark: _Toc71637090][bookmark: _Toc71663406][bookmark: _Toc79179743]an indicated reception overrides a configured PRACH transmission, and
c. [bookmark: _Toc71636641][bookmark: _Toc71636715][bookmark: _Toc71636885][bookmark: _Toc71637092][bookmark: _Toc71663407][bookmark: _Toc79179744]an indicated transmission overrides a configured SIB reception.
Additional Enhancement on DCI format 2_5
In this section we address two additional enhancements on DCI format 2_5. Our previous contribution [11] has a discussion on the limitation of the DCI Format 2_5 payload size which does not allow to configure the maximum number (512) of IAB-DU cells.   
The current maximum payload size for DCI format 2_5 is specified as 128 bits, see TS 38.212 [12]. At the same time, the maximum size for any DCI is 140 bits due to encoding rules for DCIs; the DCI payload bits are attached a 24 bits CRC and together they must fit an interleaving pattern of length 164. On the other side, assuming a maximum extension of availabilityCombinations of 512 resourceAvailability(s) (requiring encoding of AI-indices in DCI format 2_5 by 9 bits) and considering that the maximum number of IAB-DU cells can be 512, 9*512=4608 bits would be required. Currently, the number of availability indications can be limited to 14 (=128/9) IAB-DU cells (of maximum 512 IAB-DU cells). Therefore, it should be considered, at least in Rel-17, to enhance DCI format 2_5 in order to provide availability information for Soft resources for an increased number of IAB-DU cells without the need to reconfiguring higher layer parameter AvailabilityIndicator. Simply increasing the payload size from 128 to 140 bits can be seen as a first step but would not be sufficient to refer to more than 15 DU cells (=140/9) in certain configurations of availabilityCombinations. It is certainly not sufficient to cover the flexibility in size of availabilityCombinations and possible number of DU cell.
[bookmark: _Toc71636130][bookmark: _Toc71636191][bookmark: _Toc71636627][bookmark: _Toc71636701][bookmark: _Toc71636871][bookmark: _Toc71637078][bookmark: _Toc71647911][bookmark: _Toc71663395][bookmark: _Toc79179745]Rel-17 enhancement on DCI format 2_5 should at least consider extension of the maximum payload size of DCI format 2_5 to increase the number of IAB-DU cells that can be provided with availability information for Soft resources.
FFS: Further enhancement to further increase the number of IAB-DU cells that can be indicated AI.
Our accompany contribution [3] addresses an ambiguity issue when a soft resource receives multiple DCI format 2_5 indications from the same parent IAB-node. According to TS 38.213 [6] and TS 38.331 [13], the resourceAvailability-r16 in AvailabilityCombination-r16 can have a length between 1 to 256 (maxNrofResourceAvailabilityPerCombination-16) elements, i.e., the AI index in the DCI format 2_5 can provide, for different IAB-DU cells, explicit availability indication for different numbers of resource slots. TS 38.213 states also that the DCI format 2_5 is “starting from the earliest slot of the IAB-DU which overlaps in time with the slot of the IAB-MT where the IAB-MT detects the DCI format 2_5”. Since the DCI format 2_5 indication provides information for a predefined set of IAB-DU cells, availability indication becomes effective for all these IAB-DU cells at the same time. These two factors imply that it could happen that some slots will receive multiple DCI format 2_5 indications – just because the AI indication for another cell is updated. The current specification states that the receiving IAB-MT expects that each of the more than one DCI formats 2_5 indicates the same value and leaves it for implementation, out of control of the indicating parent node. Basically, the conflict can be avoided if the parent IAB-node could configure the overlapping DCI indications for the same slots with aligned AI values. However, this approach implies a need for a greater number of resourceAvailability elements in availabilityCombinations which is not feasible since the current specification only allows maximum 512 resourceAvailability elements and maybe also not appreciable to change. An efficient approach could be to include a “No AvailabilityIndication (AI) Change” functionality, for example by reserving one resourceAvailability element of the availabilityCombinations table to signal to the IAB-DU cell that “No Availability Indication is provided” in DCI format 2_5 for slots which receive multiple Availability Indicators (AIs).
[bookmark: _Toc74341121][bookmark: _Toc79179746]One resourceAvailability element of the availabilityCombinations table is reserved to signal to the IAB-DU that “No Availability Indication is provided” in DCI format 2_5 for slots which receive multiple Availability Indicators.
Dual Connectivity
In RAN1 #105-e, the following agreements were made regarding the IAB work item regarding dual connectivity [4]:
	Agreement
In case of intra-band inter-carrier dual connectivity for both inter-donor and intra-donor scenarios the following are supported:
· Reusing the Rel-16 CA TDD prioritization rules in case of UL/DL conflict when applicable 
· FFS: Whether all prioritization rules apply in case of NR-DC
· FFS: Need of new prioritization rules in case of NR-DC
· Coordinating the IAB-MT’s TDD configurations to avoid conflicts from different parent nodes in case the child IAB-MT does not support simultaneous TX and RX on different carries
· FFS: Coordination for scheduling conflicts involving at least DCI Format 2_0 usage (e.g. usage of flexible symbols)
· Exchanging H/S/NA configurations between parent nodes/donors

Agreement 
For an IAB-MT with multiple serving cells (including the case with two parent nodes), a per-cell IAB-DU soft resource is considered as available if the resource is either explicitly indicated (via DCI 2_5), or implicitly determined as available with respect to all serving cells.
· If the IAB-DU per-cell soft resource neither explicitly indicated as Available, nor implicitly determined as Available by the IAB-DU with respect to at least one serving cell
· Alt 1. The IAB-DU per-cell resource is assumed to be not available
· This agreement does not necessarily mean the Rel-16 spec does not support what is described in the main bullet



TDD pattern alignment 
In the intra-band inter-carrier DC case, if the 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 cannot have opposing (DL/UL) transmission directions. In Rel-16 specification, collision handling of transmission directions was specified for UE behavior in half duplex CA operation [6][14][15]. In RAN1#104bis-e and RAN1#105-e, RAN1 has agreed to extend the Rel-16 CA TDD conflict resolution framework for synchronous intra-band NR-DC, i.e., 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 frequency band. In particular, the IAB-MT can report to the IAB-donor-CU about its capability regarding simultaneous transmission and reception on multiple serving cells configured for the dual-parent nodes in the same frequency band. In addition, an IAB-MT which does not support mixed Tx/Rx operation in DC scenarios can assume the parent backhaul links to have aligned transmission direction in terms of UL/DL configuration.
[bookmark: _Toc61903489][bookmark: _Toc71663410][bookmark: _Toc79179747]For inter-carrier DC, the IAB-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 the two parent nodes.
FFS: How CUs are made aware of the capability in case of inter-donor DC scenarios.
[bookmark: _Toc61903490][bookmark: _Toc71663411][bookmark: _Toc79179748][bookmark: _Toc61903491]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 does not expect any conflict.
FFS: Whether the IAB-MT can assume all serving cells configured for the two parent nodes have aligned UL/DL directions.
In intra-donor DC, the same IAB-donor-CU node is responsible for the semi-static resource configuration of both parent nodes. It is expected that the IAB-donor-CU can coordinate the parent IAB-nodes DU resource configurations to avoid a collision of transmission direction. In inter-donor multi-parent case, however, a conflict of semi-static configured DL/UL directions may occur since the semi-static UL/DL/FL configurations are done by different IAB-donors, which control the respective parent IAB-node. To avoid conflict of semi-static resource configuration on UL/DL directions, some coordination between the two IAB-donors is needed. 
[bookmark: _Toc79179713]In intra-donor-DC and inter-donor-DC operations, the donor-CU(s) should ensure there is no directional collision conflict between non-flexible symbols of the two parent IAB-nodes.
It should be noted that both in inter-donor-DC and intra-donor-DC, to minimize the transmission direction collision caused by semi-static configured non-flexible symbols at one parent IAB-node and dynamically indicate flexible symbols at the second parent IAB-node, it is beneficial to share the semi-static resource configurations between the parent nodes. For example, this can be achieved by the IAB-donor-CU(s) providing to a parent IAB-node the DU resource configurations of the other peer parent node that connects to the same IAB-node.
[bookmark: _Toc71636891][bookmark: _Toc71637098][bookmark: _Toc71647928][bookmark: _Toc71636892][bookmark: _Toc71637099][bookmark: _Toc71647929][bookmark: _Toc71663412][bookmark: _Toc79179749]In intra-donor-DC and inter-donor-DC operations, a parent-node can be made aware of the DU resource configuration (UL/DL/FL, H/S/NA) of the other peer parent node that connects to the same IAB-node.
[bookmark: _Toc79179714]In intra-donor-DC and inter-donor-DC operations, one parent IAB-node can align the DL/UL direction of the flexible symbols to the non-flexible symbols at the other parent IAB-node.
[bookmark: _Toc79179750][bookmark: _Hlk76133108]In intra-donor-DC and inter-donor-DC operation, one parent IAB-node is not expected to indicate the DL/UL direction of a flexible symbol which is in conflict with the time-wise aligned non-flexible symbol at the other parent IAB-node.
On the other hand, the DCI-based dynamic UL/DL indication is performed by the dual parent nodes separately, via independent MAC CE schedulers. Due to the lack of Layer-1 coordination between the two parent IAB-nodes, each of parent IAB-node is not able to know when the peer parent IAB-node will provide a dynamic indication and the outcome of the dynamic indication. The conflict may also occur if one parent link receives semi-static re-configuration of UL/DL/F resources, while the other parent link receives dynamic indication of UL/DL direction.
[bookmark: _Toc79179751]RAN1 considers the following options to handle potential indication conflict of overlapping flexible symbols between two parent IAB-nodes:
[bookmark: _Toc79179752]Option 1: If the dual-connected IAB-node 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, semi-static flexible symbols are not expected.
[bookmark: _Toc79179753]Option 2: If a conflict occurs, the dual-connected IAB-node is expected to perform DL reception than UL transmission.
[bookmark: _Toc79179754]Option 3: If a conflict occurs, the dual-connected IAB-node is expected to perform UL transmission than DL reception.
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Conclusion
In the previous sections we made the following observations: 
Observation 1	The following candidate values of N for configuring the frequency domain granularity in RBs are advantageous: {4, 8, 16, 32, 64}.
Observation 2	In order to meet earlier agreements, the candidate values for N must depend on the MT’s RBG configuration.
Observation 3	By introducing both DL and UL power control, the intra-carrier ACLR interference is variable and may hence require extensive dynamic signaling unless handled internally in the IAB-DU.
Observation 4	For explicit availability indication of frequency-domain Soft resources, support joint indication of time and frequency Soft resources, including reusing the Rel-16 availabilityCombinations.
Observation 5	Using FDM (and TDM for IAB nodes that do not require TDM) H/S/NA resource configuration, Soft resources can be used for SDM simultaneous operation with implicit indication and is analog to Rel-16 H/S/NA specification.
Observation 6	In SDM simultaneous operation, beams, serving child IAB nodes or UEs, that are interfering with the beam serving the parent IAB node may be scheduled in Hard resources.
Observation 7	The IAB-specific SSB is agreed on and specified for inter-IAB node discovery and measurement, making it suitable for determination of restricted IAB-DU beams in SDM with little or no overhead.
Observation 8	SDM can share the same TCI configuration as TDM/FDM. The set of restricted IAB-DU beams can be used to deactivate the corresponding IAB-DU DL TCI states.
Observation 9	In intra-donor-DC and inter-donor-DC operations, the donor-CU(s) should ensure there is no directional collision conflict between non-flexible symbols of the two parent IAB-nodes.
Observation 10	In intra-donor-DC and inter-donor-DC operations, one parent IAB-node can align the DL/UL direction of the flexible symbols to the non-flexible symbols at the other parent IAB-node.


Based on the discussion in the previous sections we propose the following:
Proposal 1	The frequency domain granularity, i.e., the N RBs in an RB set is related to MT’s number of PRBs in an RBG, NRB(RBG), such that:
N = {1, 2, 4, 8} × NRB(RBG) or N = {1, 2, 3, 4} × NRB(RBG).
Proposal 2	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 actual ability to operate in any other resource according to the configuration of that resource.
FFS: How to address the Soft Indicated Available IAB-DU resources.
Proposal 3	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 4	Support separate TDM and FDM configurations in an IAB-node.
Proposal 5	Support operation in either TDM or FDM modes on a per-slot basis.
Proposal 6	Support indicating both time-domain and frequency-domain H/S/NA in the same gNB-DU Cell Resource Configuration (9.3.1.107 in TS 38.473 [7]).
Proposal 7	The frequency-domain H/S/NA is provided per slot.
Proposal 8	Support multiple frequency domain DCI format 2_5 associated to the same time slot.
Proposal 9	Resources for SDM are available in FDM (and TDM for IAB nodes that do not require TDM) Soft resources through implicit indication.
Proposal 10	Beam restrictions (contrary to interference management restrictions) are only applicable to resources where SDM is used (i.e., Soft).
Proposal 11	Explicit availability indication overrides SDM beam restrictions in Soft resources.
Proposal 12	The child node indicates a set of preferred beams to the parent node, which can include preferred IAB-MT DL RX beams and/or IAB-MT UL TX beams.
Proposal 13	A parent node can be made aware of all IAB-DU resource configurations, including both time-domain and frequency-domain H/S/NA configurations.
Proposal 14	The parent IAB-node is dynamically provided with changes of the IAB-node’s ability to exploit a multiplexing capability.
Proposal 15	The multiplexing ability reporting is signaled separately from the operational conditions/parameters for determined multiplexing operation modes.
Proposal 16	Whether or not to switch to FDM/SDM should be based on the ACK/NACK response from the parent IAB-node.
Proposal 17	Whether the simultaneous operation is TX or RX is determined according to the UL/DL configuration of the IAB-DU.
Proposal 18	In a slot when FDM configuration is not provided, TDM configuration applies.
Proposal 19	Fallback to TDM does not need an ACK response from the parent IAB-node.
Proposal 20	RAN1 should consider how an IAB-node can determine which timing mode to use for which multiplexing mode.
Proposal 21	RAN1 should consider how to configure timing for IAB node(s) based on multiplexing ability (including parent IAB-node (Case-6) and child IAB-node (Case-7)).
Proposal 22	In a slot when FDM configuration is not provided, Case-6 timing is not required.
Proposal 23	Desired/Provided Guard Symbols are signaled in multiple groups that covers all relevant switching combinations among Case #1, Case #6 and Case #7 timing alignments.
Proposal 24	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 25	For an IAB-MT,
a.	an indicated transmission overrides a configured SSB reception,
b.	an indicated reception overrides a configured PRACH transmission, and
c.	an indicated transmission overrides a configured SIB reception.
Proposal 26	Rel-17 enhancement on DCI format 2_5 should at least consider extension of the maximum payload size of DCI format 2_5 to increase the number of IAB-DU cells that can be provided with availability information for Soft resources. FFS: Further enhancement to further increase the number of IAB-DU cells that can be indicated AI.
Proposal 27	One resourceAvailability element of the availabilityCombinations table is reserved to signal to the IAB-DU that “No Availability Indication is provided” in DCI format 2_5 for slots which receive multiple Availability Indicators.
Proposal 28	For inter-carrier DC, the IAB-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 the two parent nodes. FFS: How CUs are made aware of the capability in case of inter-donor DC scenarios.
Proposal 29	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 does not expect any conflict. FFS: Whether the IAB-MT can assume all serving cells configured for the two parent nodes have aligned UL/DL directions.
Proposal 30	In intra-donor-DC and inter-donor-DC operations, a parent-node can be made aware of the DU resource configuration (UL/DL/FL, H/S/NA) of the other peer parent node that connects to the same IAB-node.
Proposal 31	In intra-donor-DC and inter-donor-DC operation, one parent IAB-node is not expected to indicate the DL/UL direction of a flexible symbol which is in conflict with the time-wise aligned non-flexible symbol at the other parent IAB-node.
Proposal 32	RAN1 considers the following options to handle potential indication conflict of overlapping flexible symbols between two parent IAB-nodes:
Option 1: If the dual-connected IAB-node 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, semi-static flexible symbols are not expected.
Option 2: If a conflict occurs, the dual-connected IAB-node is expected to perform DL reception than UL transmission.
Option 3: If a conflict occurs, the dual-connected IAB-node is expected to perform UL transmission than DL reception.
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