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Introduction
[bookmark: _Hlk74596809]The WID for enhanced IAB specifies the following objectives of IAB work item regarding support for simultaneous operation [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.
Specification of IAB-node timing mode(s), extensions for DL/UL power control, and CLI and interference measurements of BH links, as needed, to support simultaneous operation (transmission and/or reception) by IAB-node’s child and parent links.


This contribution addresses the remaining issues on the above objectives to support simultaneous operations.
[bookmark: _Hlk74596840]Discussion
Frequency-domain RB set configuration
For Rel-17 eIAB, the following agreements were made for the frequency domain RB set configuration [2]-[4]:
	Agreement (RAN1#106bis-e):
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
Agreement (RAN1#107-e): 
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 (RAN1#107-e):
The value of the maximum number of contiguous and non-overlapping RB sets configurable per DU cell, M is 8. 
Agreement (RAN1#108-e):
The start RB index of the first RB set for the Rel-17 IAB-DU HSNA resource configuration is the lowest index of RB of the IAB-DU cell.
Conclusion (RAN1#108-e):
Defer discussion (contribution driven) about potential specification impact if the configured RB sets of an IAB-DU HSNA resource configuration do not cover the entire carrier bandwidth until RAN1#109-e.


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. Finally, in the RAN1#108-e meeting, RAN1 agreed that the starting frequency location (i.e., the starting RB) for the first RB set is the lowest index of RB of the IAB-DU cell. According to the above agreements, there is only one configuration of RB sets for the entire IAB-DU cell. However, there are still some open issues with the RB set configuration. Particularly, the potential specification impact if the configured RB sets of an IAB-DU H/S/NA resource configuration do not cover the entire carrier bandwidth was deferred to the RAN1#109-e meeting. It should be noted that there are possible combinations of the configurable RB set size N and the number of RB set M which are not able to enclose all configurable IAB-DU cell size. Figure 1 illustrates two examples of RB set configurations of the IAB-DU cell, which are not defined and supported according to the current agreements:
1) The 8 RB sets are configured for the entire IAB-DU cell (see Figure 1a), where the last RB set is smaller than the RB set size N;
2) The configured 8 RB sets do not cover the entire IAB-DU cell (see Figure 1b), i.e., there is frequency resource which does not belong to any RB set.
It is also 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. Therefore, 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 consideration, since there is never impact on the IAB-MT. In our opinion, there is no reason why an IAB-DU should be restricted from using such resources compared to a regular gNB.
[bookmark: _Toc101792389]IAB-DU resources outside of the IAB-MT’s active BWPs do not require IAB-MT and IAB-DU resource coordination by providing RB set configuration or H/S/NA configuration.
[bookmark: _Toc101792390]It is not necessary for the IAB-DU to adhere the configured frequency domain H/S/NA for resources which are outside the IAB-MT’s active BWP since there is no impact on the IAB-MT.
[bookmark: _Toc101792391]There is no reason to handle IAB-DU resources that are non-overlapping with a BWP of a co-located IAB-MT differently from regular gNB resources.
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1a) RB sets are configured for the entire IAB-DU cell.
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Description automatically generated]
1b) RB sets are not covering the entire IAB-DU cell.
[bookmark: _Ref89774126][bookmark: _Ref89787343]Figure 1: Examples of IAB-MT configured with multiple BWPs and corresponding RB set mapping.
Based on the above observations, we propose:
[bookmark: _Toc101792394]RB sets should at least cover the union of the configured IAB-MT BWPs. 
[bookmark: _Toc101792395]IAB-DU frequency resources that are non-overlapping with the IAB-MT’s active BWP are treated as Hard IAB-DU resources, alternatively, IAB-DU frequency resources that are non-overlapping with RB sets are treated as Hard IAB-DU resources.
 Application of frequency domain H/S/NA configuration
In this section, we address the deferral from the RAN1#108-e meeting regarding the potential specification impact for conflict resolution between parent and child IAB nodes in case the Rel-17 H/S/NA configuration is provided but the IAB node needs to operate according to Rel-16 H/S/NA configuration [4]. For Rel-17 eIAB, the following agreements and working assumption were made for coexistence of different multiplexing modes [2]-[6]:
	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

Conclusion (RAN1#108-e)
Defer discussion (contribution driven) about potential specification impact for conflict resolution between parent and child IAB nodes in case the Rel-17 H/S/NA configuration is provided but the IAB node needs to instead operate according to the Rel-16 H/S/NA configuration (based on its implementation as agreed previously in RAN1#107-e) in the slot until RAN#109-e.



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. Although 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. In addition, it is expected that separate TDM and FDM H/S/NA configurations are optimized with respect to the orthogonal TDM and FDM operational conditions. An IAB-node should apply the Rel-17 frequency domain H/S/NA in the slots which are indicated by the parent IAB-node that a non-TDM multiplexing mode is supported in the slots, otherwise the Rel-16 time-domain H/S/NA configuration should be applied. Figure 2 illustrates the FDM configuration is applied to the slots SL0-3 and SL6 based on the parent IAB-node’s indication of the multiplexing adaptation parameters, such as Provided DL power control, Timing case indication etc. It will require undesirably high complexity to optimize one H/S/NA configuration which can achieve the same performance as the separately optimized TDM and FDM configurations. Since there are at least equally good alternatives, based on other considerations, there is no reason to deviate from established practice and to strive for one common optimal H/S/NA configuration which is equally good for TDM and FDM operations.
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Description automatically generated with medium confidence]
[bookmark: _Ref100350606]Figure 2: An example illustrates the FDM configuration is applied based on the parent node’s indication of multiplexing adaptation conditions (NP is referred to “Not Provided”).
Based on the above discussion, we propose to confirm the working assumption from the RAN1#106bis meeting:
[bookmark: _Toc87042238][bookmark: _Toc101792396]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.
For an FDM/SDM capable IAB node, the IAB-MT and IAB-DU can conduct simultaneous transmission and/or reception, if the exchanged multiplexing adaptation conditions at the parent node and/or the child node are met. 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 resources. As explained earlier, operating the FDM configurations in a TDM manner would not be resource efficient. 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. Therefore, it is beneficial to inform the parent node about the multiplexing-ability changes at the IAB-node. Similarly, when the multiplexing adaptation conditions are re-established, the IAB-node can send a FDM resume indication to the parent IAB-node. For a dynamic TDM fallback/FDM resume request, the signaling can be MAC-CE-based or UCI-based:
[bookmark: _Toc101792397]Support TDM fallback/FDM resume indication from child node, either
a. [bookmark: _Toc101792398]UCI-based, or
b. [bookmark: _Toc101792399]MAC-CE-based.
Alternatively, the IAB-node can send any of the multiplexing adaptation requests (e.g., Desired DL power adjustment, Desired IAB-MT PSD range, Case 6 timing required etc.) to the parent node as an indication of the FDM resume request.
[bookmark: _Toc101792400]The IAB node can send any of the multiplexing adaptation requests (e.g., Desired DL power adjustment, Desired IAB-MT PSD range, Case 6 timing required etc) to the parent node as an indication of the FDM resume request.
Definition of frequency domain H/S/NA
In the RAN1#108e meeting, the following agreement was achieved regarding the definition for frequency domain H/S/NA [4]. 
	Agreement (RAN1#108-e)
Adopt the following definition for H/S/NA configured in an RB set of a symbol:
· FDM Hard: When an RB set of a downlink, uplink, or flexible symbol is configured as hard, the IAB-DU cell can respectively transmit, receive, or either transmit or receive on the RB set in the symbol [provided it does not impact the IAB-MT’s ability to transmit and receive in any other RB set that is configured as Not Available or configured as Soft and not indicated available]. 
· FDM Soft: When an RB set of a downlink, uplink, or flexible symbol is configured as soft, the IAB-DU cell can respectively transmit, receive or either transmit or receive on the RB set in the symbol only if
· the IAB-MT does not transmit or receive on the RB set during the symbol of the IAB-DU cell, or
· with respect to all serving cells, 
· the IAB-MT would transmit or receive on the RB set during the symbol of the IAB-DU cell, and the transmission or reception on the RB set [or any adjacent RB set that is configured as Not Available or configured as Soft and not indicated available] during the symbol of the IAB-DU cell is not changed due to a use of the RB set in the symbol by the IAB-DU, or
· if the IAB-MT is not configured with SCG 
· if the IAB-MT detects a DCI format 2_5 with an AI index field value indicating the soft RB set as available  
· if the IAB-MT is configured with SCG
· the IAB-MT detects two DCI formats 2_5 with an AI index field value indicating the soft RB set as available from MCG and SCG respectively, or
· the IAB-MT detects a DCI format 2_5 with an AI index field value indicating the soft symbol RB set as available from one cell group (either MCG or SCG), and, with respect to all serving cells of the other cell group:
· the IAB-MT would transmit or receive on the RB set during the symbol of the IAB-DU cell, and the transmission or reception on the RB set during the symbol of the IAB-DU cell is not changed due to a use of the RB set in the symbol by the IAB-DU.
· FDM NA: When an RB set of a downlink, uplink, or flexible symbol is configured as unavailable, the IAB-DU neither transmits nor receives at the RB set in the symbol.


The latest TS 38.213 [10] (the excerpt below) does not contain clarifications for RB sets
· configured as Hard by “… provided it does not impact the IAB-MT’s ability to transmit and receive in any other RB set that is configured as Not Available or configured as Soft and not indicated available…”, and
· configured as Soft with a SCG and receiving one DCI format 2_5 by “… or any RB set that is configured as Not Available or configured as Soft and not indicated available…”.
The clarification in the first bullet is already included in brackets in the agreement from RAN1#108-e [4]. Without the above clarification, the specification text only addresses the impact only on the H/S/NA configured IAB-DU resource in question.
	<TS38.213, Section 14, unchanged text is omitted>
When an RB set of a downlink, uplink, or flexible symbol is configured as hard, the IAB-DU cell can respectively transmit, receive, or either transmit or receive on the RB set in the symbol.
When an RB set of a downlink, uplink, or flexible symbol is configured as soft, the IAB-DU cell can respectively transmit, receive or either transmit or receive on the RB set in the symbol only if
-	the IAB-MT does not transmit or receive on the RB set during the symbol of the IAB-DU cell, or
-	with respect to all serving cells, the IAB-MT would transmit or receive on the RB set during the symbol of the IAB-DU cell, and the transmission or reception on the RB set or any RB set that is configured as unavailable or configured as soft and not indicated as available during the symbol of the IAB-DU cell is not changed due to a use of the RB set in 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 RB set as available if the IAB-MT is not configured with an SCG, or
-	the IAB-MT detects two DCI formats 2_5 with an AI index field value indicating the soft RB set as available from the MCG and SCG, respectively, or
-	the IAB-MT detects a DCI format 2_5 with an AI index field value indicating the soft RB set as available from one cell group and with respect to all serving cells of the other cell group, the IAB-MT would transmit or receive on the RB set during the symbol of the IAB-DU cell, and the transmission or reception on the RB set during the symbol of the IAB-DU cell does not change due to a use of the RB set in the symbol by the IAB-DU.
When an RB set of a downlink, uplink, or flexible symbol is configured as unavailable, the IAB-DU neither transmits nor receives in the RB set in the symbol.
<Unchanged text is omitted>


In case of FDM, if IAB-DU and IAB-MT use frequency domain resources that are contiguous, there may still be interference between IAB-DU and IAB-MT – even without overlap. This can be because of different UL and DL power (and control of) introducing a variable leakage (in analogy to ACLR) between resources used by IAB-MT and IAB-DU. Loss of sub-carrier orthogonality due to slightly different timing in, e.g., FTT processing in the IAB-MT or IAB-DU is yet another potential reason. 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.
There is no agreement that resolves this technical and practical issue; there is no time to specify, e.g., guard bands, also requiring additional signaling. Since the IAB-node knows about its MT/DU frequency resource separation requirements, the issues can be solved by proper IAB-DU behavior. We propose to include the text in the brackets.
[bookmark: _Toc101792401]Remove the brackets in the definition of frequency domain H/S/NA from the agreement of the RAN1#108-e meeting and agree on the following text proposal.
	<TS38.213, Section 14, unchanged text is omitted>
When an RB set of a downlink, uplink, or flexible symbol is configured as hard, the IAB-DU cell can respectively transmit, receive, or either transmit or receive on the RB set in the symbol provided it does not impact the IAB-MT’s ability to transmit and receive in any other RB set that is configured as Not Available or configured as Soft and not indicated available.
When an RB set of a downlink, uplink, or flexible symbol is configured as soft, the IAB-DU cell can respectively transmit, receive or either transmit or receive on the RB set in the symbol only if
-	the IAB-MT does not transmit or receive on the RB set during the symbol of the IAB-DU cell, or
-	with respect to all serving cells, the IAB-MT would transmit or receive on the RB set during the symbol of the IAB-DU cell, and the transmission or reception on the RB set or any RB set that is configured as unavailable or configured as soft and not indicated as available during the symbol of the IAB-DU cell is not changed due to a use of the RB set in 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 RB set as available if the IAB-MT is not configured with an SCG, or
-	the IAB-MT detects two DCI formats 2_5 with an AI index field value indicating the soft RB set as available from the MCG and SCG, respectively, or
-	the IAB-MT detects a DCI format 2_5 with an AI index field value indicating the soft RB set as available from one cell group and with respect to all serving cells of the other cell group, the IAB-MT would transmit or receive on the RB set or any RB set that is configured as unavailable or configured as soft and not indicated as available during the symbol of the IAB-DU cell, and the transmission or reception on the RB set during the symbol of the IAB-DU cell does not change due to a use of the RB set in the symbol by the IAB-DU.
When an RB set of a downlink, uplink, or flexible symbol is configured as unavailable, the IAB-DU neither transmits nor receives in the RB set in the symbol.
<Unchanged text is omitted>



DCI format 2_5 for frequency domain Soft resources
In this section, we discuss some remaining issues regarding DCI format 2_5 for frequency domain soft resources. For Rel-17 eIAB, the following agreements were made regarding DCI format 2_5 [2]-[5] and [7]-[8]:
	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
Agreement (RAN1#108-e)
Enhance the RRC signaling for the configuration of DCI Format 2_5 to include the configuration of availability indication for soft resources in multiple RB set groups by introducing the following new RRC parameters:
· AvailabilityCombination-Rel17 to include multiple resourceAvailaibity-Rel17 indications, where each resourceAvailaibity-Rel17 indicates the availability of soft resources in one or multiple slots for each configured RB set group in sequence. 
· The RB set groups are configured for all availabilityCombinationId(s) with the following parameters and are applied over each slot:
· Number of RB set groups.
· FFS: max value
· Number of RB sets for each group.
· FFS: max value
· If an RB set group is not provided, only one resourceAvailablity-Rel17 is included in AvailabilityCombination-Rel17 to indicate availability of soft resources in one or multiple slots for all RB sets of a DU cell.

Agreement (RAN1#108-e)
For the RRC signaling for the configuration of DCI Format 2_5
· Number of RB set groups has a max value of [8] within a slot.
· Number of RB sets for each group has a max value of [8].


Our understanding is that the semi-static TDM and FDM resource configurations could be configured and provided separately. Accordingly, the availability indication of TDM soft resource and FDM soft resource can also be configured and provided independently. In the Rel-17 eIAB, RAN1 has agreed that the availability of frequency domain soft resources over time is indicated in a similar way as the time domain soft resource. In the updated list of upper layers parameters for the Rel-17 eIAB, which is provided to RAN2 [9], there are four new RRC parameters related to the availability indication DCI format 2_5:
· P24 AvailabilityCombinationsPerCell-Rel17
· P28 AvailabilityCombination-Rel17
· P29 resourceAvailability-Rel17
· P30 RBSetGroup
However, in the RAN1#107-e and RAN1#108-e meetings, only enhancements to AvailabilityCombination for frequency domain soft resource were discussed. There is no agreement regarding enhancements to AvailablityCombinationsPerCell where each IAB-DU cell can be provided with two AvailablityCombinationsPerCell, for TDM and FDM resources, respectively, see also the extract below from the CR of TS 38.213 after the RAN1#108-e meeting [10],[11]. It is also not clear if an IAB-DU cell can be provided with one availabilityCombinationsPerCell which can contain both time-domain and frequency-domain availabilityCombinations:
	<TS38.213, Section 14, unchanged text is omitted>
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, and/or for soft resources, availability combinations provided by resourceAvailability to a corresponding AI index field value in DCI format 2_5 provided by availabilityCombinationId
The IAB-DU can assume a same SCS configuration for availabilityCombinations for a cell as an SCS configuration provided by gNB-DU Cell Resource Configuration for the cell.
<Unchanged text is omitted>


[bookmark: _Toc95771936]Below shows the running CR for the specification TS 38.331 [12] in which only the parameters AvailabilityCombination-Rel17, resourceAvailability-Rel17 and RBSetGroup are implemented, since RAN2 has not found supporting RAN1 agreement for AvilabilityCombinationsPerCell-Rel17.
	<TS38.331, unchanged text is omitted>
[bookmark: _Toc60777165][bookmark: _Toc90651037]AvailabilityCombinationsPerCell
The IE AvailabilityCombinationsPerCell is used to configure the AvailabilityCombinations applicable for a cell of the IAB DU (see TS 38.213 [13], clause 14). Note that the IE AvailabilityCombinationsPerCellIndex can only be configured up to 511.
AvailabilityCombinationsPerCell information element
-- ASN1START
-- TAG-AVAILABILITYCOMBINATIONSPERCELL-START

AvailabilityCombinationsPerCell-r16 ::=     SEQUENCE {
    availabilityCombinationsPerCellIndex-r16     AvailabilityCombinationsPerCellIndex-r16,
    iab-DU-CellIdentity-r16                      CellIdentity,
    positionInDCI-AI-r16                         INTEGER(0..maxAI-DCI-PayloadSize-1-r16)                              OPTIONAL, -- Need M
    availabilityCombinations-r16                 SEQUENCE (SIZE (1..maxNrofAvailabilityCombinationsPerSet-r16)) OF AvailabilityCombination-r16,
    ... ,
    [[
    availabilityCombinationsRBGroups-r17                 SEQUENCE (SIZE (1..maxNrofAvailabilityCombinationsPerSet-r16)) OF AvailabilityCombination-r17    OPTIONAL -- Need M
    ]]

}

AvailabilityCombinationsPerCellIndex-r16 ::= INTEGER(0..maxNrofDUCells-r16)

AvailabilityCombination-r16 ::=         SEQUENCE {
    availabilityCombinationId-r16           AvailabilityCombinationId-r16,
    resourceAvailability-r16                SEQUENCE (SIZE (1..maxNrofResourceAvailabilityPerCombination-r16)) OF INTEGER (0..7)
}

AvailabilityCombinationId-r16 ::=       INTEGER (0..maxNrofAvailabilityCombinationsPerSet-1-r16)

AvailabilityCombination-r17 ::=                SEQUENCE {
    availabilityCombinationId-r16                  AvailabilityCombinationId-r16,
    rbSetGroups-r17                                SEQUENCE (SIZE (1..maxNrofRbSetGroups-r17)) OF RbSetGroup-r17      OPTIONAL, -- Need M
    resourceAvailability-r16                       SEQUENCE (SIZE (1..maxNrofResourceAvailabilityPerCombination-r16)) OF INTEGER (0..7)    OPTIONAL -- Need M
}

RbSetGroup-r17 ::=                             SEQUENCE {
    resourceAvailability-r16                       SEQUENCE (SIZE (1..maxNrofResourceAvailabilityPerCombination-r16)) OF INTEGER (0..7)     OPTIONAL, -- Need M
    rbSets-r17                                     SEQUENCE (SIZE (1..maxNrofRbSets-r17)) OF INTEGER (0..7)     OPTIONAL -- Need M
}


-- TAG-AVAILABILITYCOMBINATIONSPERCELL-STOP
-- ASN1STOP

	AvailabilityCombination field descriptions

	resourceAvailability
Indicates the resource availability of soft symbols for a set of consecutive slots in the time domain. The meaning of this field is described in TS 38.213 [13], Table 14.3. If included in RbSetGroup within AvailabilityCombination-r17, it indicates the availability of soft resources for an RB set group. If included in AvailabilityCombination-r17 when the rbSetGroups is not configured, it indicates the availability of soft resources in one or multiple slots for all RB sets of a DU cell.

	availabilityCombinationId
This ID is used in the DCI Format 2_5 payload to dynamically select this AvailabilityCombination, see TS 38.213 [13], clause 14.

	rbSetGroups
Indicates the RB set groups configured for the availability combination. Each group includes consecutive RB sets.

	rbSets
Indicates the RB sets configured for each RB set group.



	AvailabilityCombinationsPerCell field descriptions

	iab-DU-CellIdentity
The ID of the IAB-DU cell for which the availabilityCombinations are applicable.

	positionInDCI-AI
The (starting) position (bit) of the AvailabilityCombinationId for the indicated IAB-DU cell (iab-DU-CellIdentity) within the DCI payload.



<Unchanged text is omitted>


Based on the above observation, we propose the following clarification on AvailabilityCombinationsPerCell:
[bookmark: _Toc101792402]RAN1 to clarify which of the following alternatives apply to the enhanced AvailabilityCombinationsPerCell:
c. [bookmark: _Toc101792403]An IAB-DU cell can be provided with two separate availabilityCombinationsPerCell, for TDM and FDM resource respectively.
d. [bookmark: _Toc101792404]An IAB-DU cell is provided with one availabilityCombinationsPerCell, which contains both time-domain and frequency domain availabilityCombinations.
e. [bookmark: _Toc101792405]Support both Alt. a. and Alt. b.
[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: _Toc101792406]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 RAN1#108-e, the following two DCI format 2_5 enhancements were deferred to the RAN1#109-e meeting [2]. In this section, we present our view on the two enhancements. 
	Conclusion RAN1#108-e:
Defer discussion (contribution driven) about extending 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 until RAN1#109-e.
Conclusion RAN1#108-e:
Defer discussion (contribution driven) of potential issues/solutions for multiple DCI Format 2_5 indications with overlapping durations until RAN1#109-e.


Our previous contribution [13] 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 [14]. 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 in IAB 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: _Toc100269046][bookmark: _Toc101792392][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 group (i,e., a set) of IAB-DU cells. As illustrated in Figure 3, the number of the group indexing bits, irrespective of any maximum DCI format 2_5 size, should fulfil the following requirement:
 for AI-indices +  for group indexing  140 bits
The introduction of group indexing of AI-indices allows to create a multitude of groups of AI-indices associated, by the group indexing bit, to a group of IAB-DU cells. 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 group indices can be extended to 896 (2^6=64 groups times 14 IAB-DU cells per group). If indexing bits are added at the (otherwise unused) end of a DCI format 2_5, backwards compatibility is preserved, since a Rel-16 IAB-MT would only decode 128 bits for AI indication anyway.
[image: ]
[bookmark: _Ref86053631]Figure 3: Enhanced DCI format 2_5 by adding indexing bits.
[bookmark: _Toc101792407]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: _Toc101792408]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 [15] 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 [10] and TS 38.331 [16], 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 (i.e., by an associated position information within the DCI format 2_5) 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 that is supposed to be indicated AI in a more dynamic way that other cells and that is 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, certainly not practical, 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 availabilityCombination (i.e., ideally a certain availabilityCombinationId) of the availabilityCombinations table to signal to the IAB-DU cell that “No New Availability Indication is provided” in DCI format 2_5 for slots which receive multiple Availability Indicators (AIs). This is different from providing a resourceAvailability of value 0 (Table 14.3, TS 38.213) as this AI value is currently still to be compared (according to TS 38.213) to a formerly provided AI value.
Figure 4 illustrates ambiguity of successive DCI format 2_5 indications caused by different lengths of resourceAvailability configured to IAB-DU cell 1 and cell 2. By allocating one availabilityCombinationId for a common “no new availability indication” regardless the length of resourceAvailability, the availabilityCombinations table will have significantly improved flexibility.  
[image: Graphical user interface, timeline
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[bookmark: _Ref99916516]Figure 4: An example to illustrate the application of the signaling of “No AI indication”
[bookmark: _Toc101792409][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]One availabilityCombination 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.
Power control
For power control, the following agreement was made in RAN1 #108-e.
	Agreement
The desired/provided DL TX power adjustment can be indicated with 5 bits and a 1 dB resolution.
-	FFS endpoints of the range


Regarding the range of the power adjustment, to minimize HW updates for Rel-17 IAB-nodes compared to Rel-16 IAB-nodes, DL dynamic range should not be required to be better than UL dynamic range. Also, it is essential that RAN1 follows the requirements as specified in RAN4. RAN4 has agreed on two classes of IAB-nodes, i.e., wide-area and local-area nodes [17]. Wide-area IAB-node is an independent IAB-node providing its own coverage, requiring a long distance backhaul link to connect to its parent IAB-node. Here, the deployment is well-planned, planned by operators, with little need for power control and limited dynamic range. The dynamic range of the wide-area IAB-MT is limited to 5 dB. The use-case for the local-area IAB-node is to boost capacity within an already existing cell served by a donor or parent IAB-node. With local-area IAB, the benefit of power control increases, and the IAB-MT has higher dynamic range, and RAN4 has agreed on a 10 dB dynamic range. For this reason, we propose that for DL Tx power control RAN1 follows the RAN4 specifications for wide- and local-area IAB-MTs with a resolution of 1 dB, resulting in up to 4 value bits. Naturally, DL Tx power adjustment can be both positive and negative for which reason also a sign bit is needed, ending up in 5 bits as agreed in RAN1 #108-e. Based on the above we propose the following range of DL Tx power adjustment.
[bookmark: _Toc101792393]To simplify implementation of DL Tx power adjustment, the requirement of DL Tx power adjustment should be aligned with RAN4 specification of IAB-MT power control requirements.
[bookmark: _Toc101792410]DL Tx power adjustment range is [-5 … 5] dB for wide area IAB-nodes and [-10 … 10] dB for local area IAB-nodes.
Conclusion
In the previous sections we made the following observations: 
Observation 1	IAB-DU resources outside of the IAB-MT’s active BWPs do not require IAB-MT and IAB-DU resource coordination by providing RB set configuration or H/S/NA configuration.
Observation 2	It is not necessary for the IAB-DU to adhere the configured frequency domain H/S/NA for resources which are outside the IAB-MT’s active BWP since there is no impact on the IAB-MT.
Observation 3	There is no reason to handle IAB-DU resources that are non-overlapping with a BWP of a co-located IAB-MT differently from regular gNB resources.
Observation 4	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.
Observation 5	To simplify implementation of DL Tx power adjustment, the requirement of DL Tx power adjustment should be aligned with RAN4 specification of IAB-MT power control requirements.

Based on the discussion in the previous sections we propose the following:
Proposal 1	RB sets should at least cover the union of the configured IAB-MT BWPs.
Proposal 2	IAB-DU frequency resources that are non-overlapping with the IAB-MT’s active BWP are treated as Hard IAB-DU resources, alternatively, IAB-DU frequency resources that are non-overlapping with RB sets are treated as Hard IAB-DU resources.
Proposal 3	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 4	Support TDM fallback/FDM resume indication from child node, either
a.	UCI-based, or
b.	MAC-CE-based.
Proposal 5	The IAB node can send any of the multiplexing adaptation requests (e.g., Desired DL power adjustment, Desired IAB-MT PSD range, Case 6 timing required etc) to the parent node as an indication of the FDM resume request.
Proposal 6	Remove the brackets in the definition of frequency domain H/S/NA from the agreement of the RAN1#108-e meeting and agree on the following text proposal.
Proposal 7	RAN1 to clarify which of the following alternatives apply to the enhanced AvailabilityCombinationsPerCell:
a.	An IAB-DU cell can be provided with two separate availabilityCombinationsPerCell, for TDM and FDM resource respectively.
b.	An IAB-DU cell is provided with one availabilityCombinationsPerCell, which contains both time-domain and frequency domain availabilityCombinations.
c.	Support both Alt. a. and Alt. b.
Proposal 8	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 9	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 10	Introducing group indexing bits in DCI format 2_5 to further increase the number of IAB-DU cells that can be indicated AI.
Proposal 11	One availabilityCombination 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 12	DL Tx power adjustment range is [-5 … 5] dB for wide area IAB-nodes and [-10 … 10] dB for local area IAB-nodes.
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