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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.


This contribution addresses the remaining issues on resource multiplexing between child and parent links on an IAB node.
FDM-based simultaneous operation
[bookmark: _Hlk74596840]In RAN1#107-e, the following objectives of frequency domain resource multiplexing were agreed [2]:
	Agreement: 
The maximum number of non-overlapping RB sets configurable per DU cell is M
· where, M is to be selected from one of values from 4, 8, 16
DU frequency configuration information should be provided to the parent node
Agreement:
The value of the maximum number of contiguous and non-overlapping RB sets configurable per DU cell, M is 8. 


[bookmark: _Ref58590315]Frequency-domain RB set configuration
In RAN1#106bis-e it was agreed that a single value for the RB set size, N, is configured for a given IAB-DU cell’s Rel-17 frequency domain H/S/NA configuration. It was further agreed in RAN1#107-e that the maximum number of contiguous and non-overlapping RB sets configurable per IAB-DU cell, M, is 8. Our interpretation of the agreements is that there is only one configuration of RB sets over the entire IAB-DU cell, regardless which BWP is activated for the IAB-MT. However, RAN1 has not discussed the starting frequency location (i.e., the starting RB) for the first RB set; nor has it been discussed whether or not the entire IAB-DU cell should be mapped to one or multiple RB sets. Figure 1 illustrates two methods to specify the frequency start of the RB sets: 1) If RB sets are configured for the entire IAB-DU cell (see Figure 1a), the starting RB of the first RB set coincides with the starting RB of the IAB-DU cell; 2) If RB sets are configured for the union of the configured IAB-MT BWPs (see Figure 1b), the starting RB of the first RB set coincides with starting RB of the union of the configured IAB-MT BWPs. It is noted that for an IAB-DU resource which is not overlapping with the IAB-MT’s active BWPs, there is no need to coordinate IAB-MT and IAB-DU resources by providing H/S/NA configurations. Similarly, for RB sets which are non-overlapping with the IAB-MT’s active BWP, it is not necessary for the IAB-DU to adhere to the configured frequency domain H/S/NA or even for such to be configured. These resources can be used by the IAB-DU without considering the impact on the IAB-MT. Based on these arguments, Method 2 is preferred from the IAB-DU resource efficiency point of view. On the other hand, Method 1 has less signalling overhead since the starting index of resource blocks of the IAB-DU cell is known to the IAB-DU.
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1a) RB sets are configured for the entire IAB-DU cell.
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1b) RB sets are configured for the union of configured IAB-MT BWPs.
[bookmark: _Ref89774126][bookmark: _Ref89787343]Figure 1: Example of IAB-MT configured with multiple BWPs and corresponding RB set mapping.
[bookmark: _Toc95771994]For IAB-DU resources that are outside the IAB-MT’s active BWPs, there is no need to coordinate IAB-MT and IAB-DU resources by providing RB set configuration or H/S/NA configuration.
[bookmark: _Toc95771995]For RB sets which are non-overlapping with the IAB-MT’s active BWP, it is not necessary for the IAB-DU to adhere the configured frequency domain H/S/NA.
Based on the above observations, we propose:
[bookmark: _Toc95771997]RAN1 considers the following three alternatives for the frequency start of the first RB set of the IAB-DU at
[bookmark: _Toc95771998]Alt1: the lowest index of RB of the IAB-DU cell
[bookmark: _Toc95771999]Alt2: the lowest index of RB of the union of the configured IAB-MT BWPs
[bookmark: _Toc95772000]Alt3: an arbitrary index of RB of the IAB-DU cell
[bookmark: _Toc95772001]RB sets which are non-overlapping with the IAB-MT’s active BWPs, are treated as Hard IAB-DU resources.
Frequency domain H/S/NA
One 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 powers and thereby introducing a variable leakage (in analogy to ACLR) between resources used by IAB-MT and IAB-DU or if the IAB-DU and IAB-MT use separate transceiver chains, including separate FFTs and timing, 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 sets of RBs, in multiples of an RBG, the same way as for the 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. 
[bookmark: _Toc68520692][bookmark: _Toc68520973]Basically, the definition of Soft and NA resources in TS 38.213 [8] 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. Based on the above argument we propose the following definition for frequency domain Hard and Soft resource:
[bookmark: _Hlk82676616][bookmark: _Toc58832841][bookmark: _Toc61903476][bookmark: _Toc71663388][bookmark: _Toc95772002]If a resource is configured as Hard, or explicitly indicated as Soft-IA 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 that is either configured Not Available, or configured Soft and not explicitly indicated available.
[bookmark: _Toc95772003]If a resource is configured as Soft (including implicitly indicated available), the IAB-DU can transmit, receive, or either transmit or receive only if it does not impact the IAB-MT’s actual ability to operate in any resource, either configured Not Available, or configured Soft and not explicitly indicated available.
[bookmark: _Ref68521754]Coexistence of simultaneous operation and TDM
For Rel-17 eIAB, the following agreements and working assumption were made for coexistence of different multiplexing modes [4], [5]:
	Agreement (RAN1#105-e)
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 (RAN1#106-e)
For a given RB set at a symbol, if Rel-17 frequency domain H/S/NA configuration is not provided, the Rel-16 time domain H/S/NA is applied

Working Assumption (RAN1#106bis-e)
If both the Rel-16 time domain H/S/NA configuration and Rel-17 frequency domain H/S/NA configuration are provided for a given RB set within a slot, one of the following is selected:
· Alt. 1: An IAB node applies the frequency domain H/S/NA only if the IAB node is currently operating in a non-TDM multiplexing mode in the slot, otherwise the Rel-16 time domain H/S/NA configuration is applied.
For RAN1#107-e, companies to consider the following decision point:
An IAB node (or parent node) cannot operate under a given non-TDM multiplexing mode until:
· Alt. 1: All required conditions and parameters which have been directly indicated/requested to the parent node (e.g. via MAC-CE) are explicitly acknowledged by the parent node.
· Alt. 2: All required conditions and parameters which have been directly indicated/requested to the parent node (e.g. via MAC-CE) are implicitly acknowledged by the parent node or implicitly determined at the child node



Our interpretation of the above agreements from RAN1#105-e and RAN1#106-e meetings is that time-domain H/S/NA 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 at an IAB-DU cell 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. This implies that TDM and FDM operation are used in separate time resources such that TDM and FDM can be configured and operate independently. The working assumption from the RAN1#106bis-e meeting was rejected in the RAN1#107-e meeting. However, some resolution of the ambiguity regarding what H/S/NA configuration to apply, if both time and frequency domain H/S/NA configurations are provided, is needed. 
Specifying a joint application of TDM H/S/NA and FDM H/S/NA will cause substantial problems for backwards compatibility. Considering H/S/NA definitions for TDM are valid for the whole BW, injecting an FDM H/S/NA configuration within the TDM H/S/NA configuration will violate the TDM H/S/NA definition and the interpretation of, e.g., a TDM Soft IA indication. That would require separate Rel-16 and Rel-17 TDM H/S/NA definitions and thereby increase IAB complexity. Since there are at least equally good alternatives, based on other considerations, there is no reason to deviate from established practice and to specify separate Rel-16 and Rel-17 TDM H/S/NA definitions.
[bookmark: _Toc87042238][bookmark: _Toc95772004]Confirm working assumption that if both Rel-16 time-domain H/S/NA configuration and Rel-17 frequency domain H/S/NA configuration are provided for a given RB set within a slot, an IAB node applies the frequency domain H/S/NA if the IAB node is currently operating in a non-TDM multiplexing mode in the slot, otherwise the Rel-16 time domain H/S/NA configuration is applied.
[bookmark: _Toc75943629][bookmark: _Toc76035061][bookmark: _Toc76043318][bookmark: _Toc76043409][bookmark: _Toc76043319][bookmark: _Toc76043410]Based on a given hardware capability, the IAB-MT and IAB-DU can conduct simultaneous transmission and/or reception, if the operational conditions at the parent node and/or the child node are fulfilled, as well as the conditions on the propagation channel and the network interference level. 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 an appropriate assumption about the resource availability at the IAB-MT. In an operational network, 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. 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. 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. For a dynamic fallback request, the signaling can be MAC-CE based or UCI-based:
[bookmark: _Toc95772005]RAN1 selects the following two signaling alternatives for the fallback request to TDM operation mode:
[bookmark: _Toc95772006]Alt1: UCI-based
[bookmark: _Toc95772007]Alt2: MAC-CE based
[bookmark: _Toc95772008]Fallback to TDM does not need an ACK response from the parent IAB-node.
DCI 2_5 for frequency-domain Soft resource
For Rel-17 eIAB, the following agreements were made regarding DCI format 2_5 [2],[3],[5],[6],[7]:
	Agreement (RAN1#103-e)
The Rel-16 explicit indication of soft resources by DCI Format 2_5 is supported for simultaneous operation cases in Rel-17. 
· FFS: Whether/how to extend DCI Format 2_5 to frequency domain resources and/or paired spectrum
· FFS: Coexistence of simultaneous operation resources and TDM resources
Agreement (RAN1#104bis-e)
Soft resource availability indications for frequency-domain resources are supported
· FFS enhancements to DCI Format 2_5
· FFS: Separate or joint TDM and FDM indications
Agreement (RAN1#105-e)
DCI Format 2_5 is reused to support soft resource availability indications for frequency-domain resources
FFS: If additional enhancements are necessary
Agreement (RAN1#106bis-e)
A single DCI format 2_5 can be received indicating availability for the soft resources of the respective RB sets corresponding to a given time resource of the child IAB-DU cell.
· FFS: Extension of AvailabiltyCombination to include multiple RB sets in a resourceAvailabilty indication
· FFS: Update resourceAvailability mapping table defined in TS38.213 so that the indication of availability can be applied over soft resources in frequency-domain for DL or UL or Flexible symbols.
· FFS: Need for 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 to accommodate the maximum number of possible RB sets for a given DU cell (if defined), or other backwards compatible signaling extensions in case the principal indication capabilities of DCI format 2_5 are increased.
Agreement (RAN1#107-e)
For DCI format 2_5 indicating availability for the soft resources of the respective RB sets corresponding to a given time resource of the child IAB-DU cell:
· AvailabiltyCombination can be extended to include multiple resourceAvailabilty, where each resourceAvailabilty includes availability indication for one RB set group
· One RB set group consists of one or multiple RB sets


Our understanding is that the semi-static TDM and FDM resource configurations should be configured and provided separately. Accordingly, the availability indication of TDM soft resource and FDM soft resource should also be configured and provided independently. In FDM, the availability of frequency domain soft resources over time could be indicated in a similar way as the time domain soft resource. In the RAN1#107-e meeting, enhanced AvailabilityCombinationsPerCell for frequency domain soft resource was agreed. However, the extract below from the CR of TS 38.213 after the RAN1#107-e meeting [9], is not clear if each IAB-DU cell can be provided with two higher layer parameter availabilityCombinations, for TDM and FDM resource respectively; or each IAB-DU cell is provided with one availabilityCombinations which can contain both time-domain and frequency-domain availability Combinations
	
- - - - - - - - - - - - - - - - Extract from TS 38.213 - - - - - - - - - - - - - - - - - -
If an IAB-node is provided an AvailabilityIndicator, the IAB-node is provided an AI-RNTI by ai-RNTI and a payload size of a DCI format 2_5 by dci-PayloadSizeAI. The IAB-node is also provided a search space set configuration, by SearchSpace, for monitoring PDCCH.
For each cell of an IAB-DU in a set of cells of the IAB-DU, the IAB-DU can be provided: 
-	an identity of the IAB-DU cell by iab-DU-CellIdentity
-	a location of an availability indicator (AI) index field in DCI format 2_5 by positionInDCI-AI
-	a set of availability combinations by availabilityCombinations, where each availability combination in the set of availability combinations includes
-	resourceAvailability indicating availability of soft symbols in one or more slots for the IAB-DU cell, or one or multiple resourceAvailability with each resourceAvailablity indicating availability of soft resources in one or more slots for one RB set group where one RB set group includes one or multiple RB sets, and 
-	a mapping for the soft symbol availability combinations provided by resourceAvailability to a corresponding AI index field value in DCI format 2_5 provided by availabilityCombinationId
- - - - - - - - - - - - - - - - End extract from TS 38.213 - - - - - - - - - - - - - - - -


[bookmark: _Toc95771936][bookmark: _Toc95772009]RAN1 to clarify which of the following alternatives apply to the enhanced AvailabilityCombinationsPerCell:
[bookmark: _Toc95772010]Alt1: an IAB-DU cell can be provided with two separate availabilityCombinations, for TDM and FDM resource respectively.
[bookmark: _Toc95772011]Alt2: an IAB-DU cell is provided with one availabilityCombinations, which contains both time-domain and frequency domain availability combinations.
[bookmark: _Toc71634975][bookmark: _Toc71635317][bookmark: _Toc71635383][bookmark: _Toc71635510][bookmark: _Toc71635705][bookmark: _Toc71635786][bookmark: _Toc71635818][bookmark: _Toc71636111][bookmark: _Toc71636172][bookmark: _Toc71636608][bookmark: _Toc71636682][bookmark: _Toc71636852]Additionally, it has not been discussed on how to apply DCI format 2_5 to jointly coordinate the availability indication for both time-domain and frequency-domain soft resource, especially for multiple IAB-DU cells. The agreement from RAN1#106bis-e only states that a single DCI format 2_5 can be received indicating availability for the soft resources of the respective RB sets corresponding to a given time resource of the child IAB-DU cell. It is not clear whether or not the AI index fields in a single DCI format 2_5 can be mapped to both time-domain and frequency-domain resourceAvailability according to the multiplexing mode of the IAB-DU cells.  
[bookmark: _Toc95772012]RAN1 to clarify whether or not the AI index fields in a single DCI format 2_5 can be mapped to both time-domain and frequency-domain resourceAvailability according to the multiplexing mode of the IAB-DU cells.
Additional Enhancement on DCI format 2_5
In this section we address two additional enhancements on DCI format 2_5. Our previous contribution [10] 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. We do not see a reason why the number of manageable IAB-DU cell should be restricted compared to gNB-DU cells.
The current maximum payload size for DCI format 2_5 is specified as 128 bits, see TS 38.212 [11]. 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 to 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, which is a slow process and does rather not substitute a proper dynamic signaling. 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: _Toc95771996][bookmark: _Toc84008842]In the current DCI format 2_5, the number of availability indication can be limited to 14 IAB-DU cells of maximum 512 IAB-DU cells.
One way to overcome the abovementioned problem is to add a group index in an enhanced DCI 2_5 where one group index is associated to a set of IAB-DU cells. As illustrated in Figure 2, the number of the group indexing bits, irrespective of any maximum DCI format 2_5 size, should fulfil the following requirement:
# of bits for AI-indices + # of group indexing bits  140 bits
The introduction of group indexing of AI-indices allows to create a multitude of groups of AI-indices. Each AI-index in a DCI format 2_5 should be uniquely associated to an IAB-DU cell through a specific combination of position in a DCI 2_5 and the group index. For example, by adding 6 indexing bits, the number of IAB-DU cells that can be configured using all index groups can be extended to 896 (=14 cell per group times 2^6 groups). We would like to note that this fix is backwards compatible to Rel-16, since a Rel-16 MT would not read the index bits.
[image: ]
[bookmark: _Ref86053631]Figure 2: Enhanced DCI format 2_5 by adding indexing bits.
[bookmark: _Toc95772013]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.
[bookmark: _Toc95772014]Introducing group indexing bits in DCI format 2_5 to further increase the number of IAB-DU cells that can be indicated AI.
Our earlier contribution [12] 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 [8] 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 and in a given order 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, referenced to at the end in DCI format 2_5, 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: _Toc95772015]One resourceAvailability element of the availabilityCombinations table is reserved to signal to the IAB-DU that “No new Availability Indication is provided” in DCI format 2_5 for slots which receive multiple Availability Indicators.
Space domain multiplexing
In RAN1#107-e the following objectives of spatial domain resource multiplexing were agreed [2]:
	Agreement:
In addition to SSB ID, CSI-RS ID may be additionally used as the RS ID for a restricted beam indication from the parent node to the IAB node. 
   - STC index may be additionally indicated along with SSB ID if more than one STC is configured at the IAB node.
   - Note: This does not mean that IAB-specific CSI-RS should be developed and requires no additional specification work
Agreement:
· The maximum number of recommended beams per MT CC in a given indication (including all associated parameters/conditions) is 8.
· The maximum number of restricted beams per DU cell in a given indication (including all associated parameters/conditions) is 8.

Agreement:
The IAB-DU is expected to apply the indicated beam restriction within its soft resources that are not explicitly indicated as available.  
Agreement:
The restricted beam indication from the parent node to the IAB node may be indicated to be associated with some combination (one or multiple) of the following IAB-node’s configurations: 
· {MT CC, DU cell} pair and optionally may be indicated to be associated with only {DU cell} if independent of MT CC(s)
· Multiplexing mode info (i.e. multiplexing info in 38.473) and optionally may be indicated to be applicable to non-overlapping frequency resources
· Slot index 
· Association with IAB-MT’s DL Rx beam via TCI state ID and RS ID (SSB ID and/or CSI-RS ID) or UL TX beam via SRI 
Agreement: 
The recommended beam indication from the IAB-MT to the parent node are provided using the following: 
· For DL Rx beam(s) 
· DL TCI state ID and RS ID (SSB ID and/or CSI-RS ID)
· For UL Tx beam(s) 
· SRI

Agreement:
The recommended beam indication from the IAB node to the parent node may be indicated to be associated with some combination (one or multiple) of the following IAB-node’s configurations: 
· {MT CC, DU cell} pair and optionally may be indicated to be associated with only {MT CC} if independent of DU cell(s)
· Multiplexing mode info (i.e. multiplexing info in 38.473) and optionally may be indicated to be applicable to non-overlapping frequency resources
· Slot index 



For transmission/reception directions (i.e., beams) where the IAB-MT and IAB-DU can use the same time- and frequency-domain resources, 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 1.1.1, 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 be available for operation), 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 conditions to both time and frequency domain implies that the IAB-DU and IAB-MT may only simultaneously operate in SDM 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 (Section 1.1.1),
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).
[bookmark: _Toc95772016][bookmark: _Hlk75641102]RAN1 to clarify that SDM, including beam restrictions/recommendations, is restricted to Soft resources.
[bookmark: _Ref68176278]Guard symbols for IAB-MT and IAB-DU resource misalignment
In RAN1#107-e, the following objectives of multiplexing capability signaling were agreed [2]:
	Agreement:
The following RAN1#106bis-e agreement is updated.
The MAC-CE signaling of Desired/Provided Guard Symbols is enhanced to optionally indicate the number of guard symbols required for switching between at least the following cases:
· Case#6 MT Tx and [Case #7] DU [Tx]/Rx
· Case#7 MT Tx (to support Case #7 at parent node) and DU Tx/Rx
· A: Case #6 MT TX to/from Case #1 DU RX
· D: Case #7 MT TX (to support Case #7 at parent node) to/from Case #1 DU RX
· G: Case #7 MT TX (to support Case #7 at parent node) to/from Case #1 DU TX
· (Working Assumption) H: Case #6 MT TX to/from Case #1 DU TX




We think Case H (Case #6 MT TX to/from Case #1 DU TX) should be excluded from the list of Rel-17 Desired/Provided Guard Symbols since timing in Case #6 MT TX corresponds to timing in Case #1 DU TX and can therefore be considered as a continuous Transparent Clock (TC) operation.
[bookmark: _Toc95772017]Guard symbols are not needed for Case H: Case #6 MT TX to/from Case #1 DU TX.
[bookmark: _Toc86672082][bookmark: _Toc86672287][bookmark: _Toc86672083][bookmark: _Toc86672288][bookmark: _Toc86672084][bookmark: _Toc86672289][bookmark: _Toc86672085][bookmark: _Toc86672290][bookmark: _Toc86672086][bookmark: _Toc86672291][bookmark: _Toc86672087][bookmark: _Toc86672292][bookmark: _Toc86672088][bookmark: _Toc86672293][bookmark: _Toc86672089][bookmark: _Toc86672294][bookmark: _Toc86672090][bookmark: _Toc86672295][bookmark: _Toc86672091][bookmark: _Toc86672296][bookmark: _Toc86672092][bookmark: _Toc86672297][bookmark: _Toc86672093][bookmark: _Toc86672298][bookmark: _Toc86672094][bookmark: _Toc86672299]Dual Connectivity
DC capabilities
In RAN1 #106bis-e, the following agreements for IAB were made regarding dual connectivity [3]:
	[bookmark: _Hlk85176856]Agreement
Select the following alternative to handle potential indication conflict of symbols configured as semi-static flexible by one parent node, but not the other in inter-donor DC scenarios if the IAB MT of the dual-connected IAB-node does not support simultaneous Tx and Rx on different carriers:
· Alt. 1. The IAB MT does not expect to receive conflicting DCI formats including DCI2_0 and dynamic scheduling grants from different parents. FFS: Explicitly captured in the specification or left as a network configuration error case without specification impact 
Select the following alternative to handle potential indication conflict of symbols configured as semi-static flexible by both parent nodes in inter-donor DC scenarios if the IAB MT of the dual-connected IAB-node does not support simultaneous Tx and Rx on different carriers:
· Alt. 5: If a conflict occurs, the IAB MT is expected to perform as scheduled by MCG

Agreement:
In DC scenarios, support per-child MT link-NA resource configuration.
· This configuration can be made available to IAB node as well




The extract below from the specifications TS 38.306 [14], TS 38.331 [13], TS 38.213 [8] shows the upper layer parameters related to the directional collision handling in Rel-16 TEI (Inter-band CA). First, if the capability simultaneousRXTXInterBand CA is not present, the UE/IAB-MT can report the half-DuplexTDD-CA-SameSCS-r16 capability to the donor-CU. After reporting the support of half-DuplexTDD-CA-SameSCS-r16 capability, the UE/IAB-MT can be provided with the RRC parameter directionalCollsionHandling-16 and apply the resolution rules specified in TS 38.213 [8].
	Extract from TS 38.306
half-DuplexTDD-CA-SameSCS-r16
Indicates whether the UE supports directional collision handling between reference and other cell(s) for half-duplex operation in TDD CA with same SCS. The UE can include this field for band combinations including only intra-band TDD CA or if simultaneousRxTxInterBandCA is not present for band combinations involving mix of intra-band TDD CA and inter-band TDD CA



	Extract from TS 38.331
directionalCollisionHandling
Indicates that this serving cell is using directional collision handling between a reference and other cell(s) for half-duplex operation in TDD CA with same SCS as specified in TS 38.213 [13], clause 11.1. The half-duplex operation only applies within the same frequency range and cell group. The network only configures this field for TDD serving cells that are using the same SCS.



	Extract from TS 38.213, clause 11.1
If a UE 
-	is configured with multiple serving cells and is provided with directionalCollisionHandling-r16 = 'enabled' for a set of serving cell(s) among the multiple serving cells, and
-	indicates support of half-DuplexTDD-CA-SameSCS-r16 capability, and 
-	is not configured to monitor PDCCH for detection of DCI format 2_0 on any of the multiple serving cells,
- - - - - - - - - - - - - - - - <paragraphs omitted>- - - - - - - - - - - - - - - -
the UE
- - - - - - - - - - - - - - - - <paragraphs omitted>- - - - - - - - - - - - - - - -
-	does not expect to detect a first DCI format scheduling a transmission or reception on a symbol on a first cell and a second DCI format scheduling a reception or transmission on the symbol on a second cell, respectively.
 
After the UE applies the procedures described above for directional collision handling within the set of cells that have been configured with directionalCollisionHandling-r16, the UE does not expect any directional collision among the serving cells that the UE is not capable of simultaneous transmission and reception.


Following the Rel-16 directional collision handling framework we propose to introduce the following capabilities for directional collision handling in IAB inter-donor and intra-donor DC scenarios:
[bookmark: _Toc95772018]For directional collision handling in IAB inter-donor and intra-donor DC scenarios, introduce the following capabilities and RRC parameters: TX.
a. [bookmark: _Toc95772019]simultaneousRXTXIABInterDonorDC capability
b. [bookmark: _Toc95772020]simultaneousRXTXIABIntraDonorDC capability
c. [bookmark: _Toc95772021]half-DuplexTDD-IABNRDC-r17 capability
Availability Indication
In RAN1 #105-e, the following agreements were made regarding DCI format 2_5 indication for an IAB-MT with multiple serving cells (including the case with two parent nodes) [5]:
	[bookmark: _Hlk86928344]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


However, according to the latest CR for TS 38.213 [9] and the updated TS 38.213 [8], the specification text is not aligned with the above agreement. For an IAB-MT with multiple serving cells, the agreement requires some form of indicated or determined availability with respect to all serving cells. That is, if the IAB-MT has two serving cells, one from each parent, a soft resource requires availability from both (i.e., all) parents. With the current text proposal (“from at least one serving cell”), availability from only one parent node would be sufficient for the resource to be considered available. 
	Extract from TS 38.213 [8]

When a downlink, uplink, or flexible symbol is configured as soft, the IAB-DU cell can respectively transmit, receive or either transmit or receive in the symbol only if
-	the IAB-MT does not transmit or receive during the symbol of the IAB-DU cell, or
-	with respect to all serving cells
-	the IAB-MT would transmit or receive during the symbol of the IAB-DU cell, and the transmission or reception during the symbol of the IAB-DU cell 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 from at least one serving cell


Based on the above observation, we propose the following text change to TS 28.213.
[bookmark: _Toc95772022]RAN1 adopt the following text changes on DCI format 2_5 indication for an IAB-MT with multiple serving cells:
	Extract from TS 38.213 [8]

When a downlink, uplink, or flexible symbol is configured as soft, the IAB-DU cell can respectively transmit, receive or either transmit or receive in the symbol only if
-	the IAB-MT does not transmit or receive during the symbol of the IAB-DU cell, or
-	with respect to all serving cells
-	the IAB-MT would transmit or receive during the symbol of the IAB-DU cell, and the transmission or reception during the symbol of the IAB-DU cell 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 from at least one serving cell



Conclusion
In the previous sections we made the following observations: 
Observation 1	For IAB-DU resources that are outside the IAB-MT’s active BWPs, there is no need to coordinate IAB-MT and IAB-DU resources by providing RB set configuration or H/S/NA configuration.
Observation 2	For RB sets which are non-overlapping with the IAB-MT’s active BWP, it is not necessary for the IAB-DU to adhere the configured frequency domain H/S/NA.
Observation 3	In the current DCI format 2_5, the number of availability indication can be limited to 14 IAB-DU cells of maximum 512 IAB-DU cells.

Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN1 considers the following three alternatives for the frequency start of the first RB set of the IAB-DU at
Alt1: the lowest index of RB of the IAB-DU cell
Alt2: the lowest index of RB of the union of the configured IAB-MT BWPs
Alt3: an arbitrary index of RB of the IAB-DU cell
Proposal 2	RB sets which are non-overlapping with the IAB-MT’s active BWPs, are treated as Hard IAB-DU resources.
Proposal 3	If a resource is configured as Hard, or explicitly indicated as Soft-IA 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 resourcethat is either configured Not Available, or configured Soft and not explicitly indicated available.
Proposal 4	If a resource is configured as Soft (including implicitly indicated available), the IAB-DU can transmit, receive, or either transmit or receive only if it does not impact the IAB-MT’s actual ability to operate in any resource, either configured Not Available, or configured Soft and not explicitly indicated available.
Proposal 5	Confirm working assumption that if both Rel-16 time-domain H/S/NA configuration and Rel-17 frequency domain H/S/NA configuration are provided for a given RB set within a slot, an IAB node applies the frequency domain H/S/NA if the IAB node is currently operating in a non-TDM multiplexing mode in the slot, otherwise the Rel-16 time domain H/S/NA configuration is applied.
Proposal 6	RAN1 selects the following two signaling alternatives for the fallback request to TDM operation mode:
Alt1: UCI-based
Alt2: MAC-CE based
Proposal 7	Fallback to TDM does not need an ACK response from the parent IAB-node.
Proposal 8	RAN1 to clarify which of the following alternatives apply to the enhanced AvailabilityCombinationsPerCell:
Alt1: an IAB-DU cell can be provided with two separate availabilityCombinations, for TDM and FDM resource respectively.
Alt2: an IAB-DU cell is provided with one availabilityCombinations, which contains both time-domain and frequency domain availability combinations.
Proposal 9	RAN1 to clarify whether or not the AI index fields in a single DCI format 2_5 can be mapped to both time-domain and frequency-domain resourceAvailability according to the multiplexing mode of the IAB-DU cells.
Proposal 10	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.
Proposal 11	Introducing group indexing bits in DCI format 2_5 to further increase the number of IAB-DU cells that can be indicated AI.
Proposal 12	One resourceAvailability element of the availabilityCombinations table is reserved to signal to the IAB-DU that “No new Availability Indication is provided” in DCI format 2_5 for slots which receive multiple Availability Indicators.
Proposal 13	RAN1 to clarify that SDM, including beam restrictions/recommendations, is restricted to Soft resources.
Proposal 14	Guard symbols are not needed for Case H: Case #6 MT TX to/from Case #1 DU TX.
Proposal 15	For directional collision handling in IAB inter-donor and intra-donor DC scenarios, introduce the following capabilities and RRC parameters: TX.
a.	simultaneousRXTXIABInterDonorDC capability
b.	simultaneousRXTXIABIntraDonorDC capability
c.	half-DuplexTDD-IABNRDC-r17 capability
Proposal 16	RAN1 adopt the following text changes on DCI format 2_5 indication for an IAB-MT with multiple serving cells:
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