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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.


[bookmark: _Hlk83990518][bookmark: _Hlk83990583]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 discuss about what should be prioritized in the last meeting in order to be as successful as possible with the objectives in both agenda item 8.10.1 and 8.10.2.
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#106bis-e, the following objectives of frequency domain resource multiplexing were agreed [4]:
	Agreement
The Rel-17 frequency domain H/S/NA configuration is provided across multiple slots and/or over a subset of slots only, with the same time-domain granularity and pattern duration as the Rel-16 H/S/NA configuration (i.e. gNB-DU Cell Resource Configuration (9.3.1.107 in TS 38.473 [8])).
· For a given slot, different H/S/NA resource types can be configured for different RB sets
· Additional signaling details (e.g. bitmap, slot pattern, etc.) can be left up to RAN3
· FFS: The number of different frequency domain configurations at a given time


Agreement
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


[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 of the usage of frequency-domain resources. The intention of defining H/S/NA frequency resources is to coordinate between IAB-DU and collocated IAB-MT. Preferably, the configured IAB-DU resources should be aligned with the configured IAB-MT resource grid which is given in resource block groups (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., a Hard DU resource is configured overlapping with an IAB-MT scheduling unit. 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 to the IAB-DU are used for scheduling UEs. 
[bookmark: _Toc87042218]The H/S/NA frequency resource alignment between IAB-MT and IAB-DU means no limitation in how resources that are available to the IAB-DU are used for scheduling UEs.
As agreed in RAN1#106-e [5], the minimum resource size for configuring the frequency domain granularity is a set of N PRBs, and depending on the IAB-MT’s RBG configuration, N can be selected from the set {2, 4, 8, 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 dependent on the MT’s RBG configuration, since otherwise, for larger IAB-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), which would violate the agreement.
[bookmark: _Toc87042219]In order to meet earlier agreements, the candidate values for N must depend on the IAB-MT’s RBG configuration.
In addition to the above constraint on small values of N, there is no practical use in configuring a too large N for too small BWPs. A minimum requirement on N, in this respect, is that N allows for configuration of at least one Hard and one Not Available set, respectively, i.e., at least two sets can be formed within the BWP.  According to TS 38.214 [6], the size of RBGs for UEs is specified relative to the number of resource blocks in a BWP. The underlying assumption is that scheduling of resources for UEs in a large bandwidth scenario will also occur 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 collocated IAB-MT. That way, fewer 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} as is presented in Table 1. In the table, red elements indicate values of N, where the value in relation to the RBG size either violates earlier agreements or does not allow for configuration of at least two complete sets for any BWP size, whereas orange elements does not allow for configuration of at least two complete sets within the BWP for some BWP sizes and are hence considered too large for any practical use.
[bookmark: _Ref82632713]Table 1: Relation between BWP size, RBG size and practically feasible values of N. Red elements indicate unfeasible values and orange fields indicates doubtfully feasible values.
	MT BWP size
	MT RBG size [PRBs]
	N

	1-36
	2
	2
	4
	8
	16
	32
	64

	37-72
	4
	2
	4
	8
	16
	32
	64

	73-144
	8
	2
	4
	8
	16
	32
	64

	145-275
	16
	2
	4
	8
	16
	32
	64


[bookmark: _Toc87034808][bookmark: _Toc87035274][bookmark: _Toc87042229]The frequency domain granularity, i.e., the N RBs in an RB set is related to MT’s BWP and number of PRBs in an RBG, NRB(RBG), as given in Table 1.
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. Our interpretation of this agreement 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. 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, see, e.g., RB set 0,8,9 in Error! Reference source not found.a). More importantly, the parent node does not necessarily know the IAB-DU’s carrier configuration. Hence, it is not necessary or even feasible to configure RB sets and frequency domain H/S/NA for IAB-DU resource outside the IAB-MT’s active BWPs. Due to the agreement of a single value for the RB set size, a more resource efficient alternative is to configure RB sets based on the union of the configured IAB-MT BWPs, see Error! Reference source not found.b). Another advantage of exploiting the IAB-MT’s BWP is that the parent-node can have a common view, as the donor-node and IAB-node, on the configured IAB-DU RB sets without additional signalling about the carrier configuration of the IAB-DU cell.
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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.
Figure 1: Example of IAB-MT configured with multiple BWPs and corresponding RB set mapping.
Alternatively, in the RAN1#106bis meeting, there is an FFS on the number of different frequency domain resource configuration for an IAB-DU cell at a given time. It is preferred that the frequency H/S/NA configuration is provided per BWP given the common N. For example, it is evident in Error! Reference source not found. that BWP1 and BWP2, due to their different sizes, should be configured differently. Another reason why different configurations are preferable is that an efficient RB set configuration can be provided according to the BWP configuration.
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Figure 2: Per-BWP frequency domain resource configuration and RB set mapping.
Moreover, 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. Finally, as illustrated in Error! Reference source not found., there could be an incomplete RB set, consisting of fewer than N PRBs, see RB set 9 and RB set 6 in Error! Reference source not found.a) and Error! Reference source not found.b), respectively. RAN 1 should also discuss how many incomplete RB sets can be configured to each IAB-DU cell.
[bookmark: _Toc87042220]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: _Toc87042221]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.
[bookmark: _Toc87042222]The parent DU does not know about the carrier bandwidth of the IAB-DU cell, and hence, the frequency domain mapping of the IAB-DU RB sets cannot be based on that.
[bookmark: _Toc87042223]The following alternatives are feasible for frequency domain H/S/NA configuration:
[bookmark: _Toc87042224]Alt. 1: RB set configuration is based on IAB-DU carrier and the parent node is made aware of the IAB-DU carrier.
[bookmark: _Toc87042225]Alt. 2: RB set configuration is based on the union of all IAB-MT’s BWPs.
[bookmark: _Toc87042226]Alt. 3: Per-BWP frequency domain H/S/NA configuration, including the RB set configuration.
Based on the above observations, we propose:
[bookmark: _Toc87042230]Support per-BWP frequency domain H/S/NA configuration, including the RB set configuration.
[bookmark: _Toc87042231]RB sets which are non-overlapping with the IAB-MT’s active BWPs, are treated as Hard DU resources.
[bookmark: _Toc87042232][bookmark: _Toc87034813][bookmark: _Toc87035279][bookmark: _Toc87034814][bookmark: _Toc87035280][bookmark: _Toc87034815][bookmark: _Toc87035281][bookmark: _Toc87034816][bookmark: _Toc87035282][bookmark: _Toc87034817][bookmark: _Toc87035283]RAN1 should discuss the indexing of RB sets (including complete and incomplete RB sets) and how many incomplete RB sets can be configured for each IAB-DU cell.  
In another scenario, where one IAB-DU cell is overlapping with multiple IAB-MT cells which have different bandwidth part sizes, the IAB-DU cell should still be provided with a single N value. It is rational to assume that N is derived based on the largest RBG size of all IAB-MT cells.
[bookmark: _Toc87042233][bookmark: _Toc86912232][bookmark: _Toc86915064][bookmark: _Toc86922919][bookmark: _Toc86936114][bookmark: _Toc86961920][bookmark: _Toc86962083][bookmark: _Toc86962456][bookmark: _Toc87030591][bookmark: _Toc87034820][bookmark: _Toc87035286][bookmark: _Toc86912233][bookmark: _Toc86915065][bookmark: _Toc86922920][bookmark: _Toc86936115][bookmark: _Toc86961921][bookmark: _Toc86962084][bookmark: _Toc86962457][bookmark: _Toc87030592][bookmark: _Toc87034821][bookmark: _Toc87035287][bookmark: _Toc86912234][bookmark: _Toc86915066][bookmark: _Toc86922921][bookmark: _Toc86936116][bookmark: _Toc86961922][bookmark: _Toc86962085][bookmark: _Toc86962458][bookmark: _Toc87030593][bookmark: _Toc87034822][bookmark: _Toc87035288][bookmark: _Toc86912235][bookmark: _Toc86915067][bookmark: _Toc86922922][bookmark: _Toc86936117][bookmark: _Toc86961923][bookmark: _Toc86962086][bookmark: _Toc86962459][bookmark: _Toc87030594][bookmark: _Toc87034823][bookmark: _Toc87035289][bookmark: _Toc86912236][bookmark: _Toc86915068][bookmark: _Toc86922923][bookmark: _Toc86936118][bookmark: _Toc86961924][bookmark: _Toc86962087][bookmark: _Toc86962460][bookmark: _Toc87030595][bookmark: _Toc87034824][bookmark: _Toc87035290][bookmark: _Toc86912237][bookmark: _Toc86915069][bookmark: _Toc86922924][bookmark: _Toc86936119][bookmark: _Toc86961925][bookmark: _Toc86962088][bookmark: _Toc86962461][bookmark: _Toc87030596][bookmark: _Toc87034825][bookmark: _Toc87035291]In case that an IAB-DU cell is overlapping with multiple IAB-MT’s serving cells, the IAB-DU cell is configured with one N value which is derived based on the largest RBG size of all IAB-MT cells and is common to all the MT-BWPs. 
Guard bands
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 using 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 [7] 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. An implication of the definition of frequency domain H/S/NA is illustrated in Figure 3. 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, in the right figure, 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-DU 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 by properly grouping Hard and Soft resources, significantly reducing overhead. In large BW carriers, the loss from introducing such a guard band is negligible.
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[bookmark: _Ref74242167]Figure 3: Illustration of resource usage of frequency-domain H/S/NA. The blue shaded RB-Sets are the ones configured to be used, either by the IAB-MT or the IAB-DU.
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: _Toc87042227][bookmark: _Hlk82676616]By introducing both DL and UL power control, the leakage (in analogy to ACLR) between resources used by IAB-MT and IAB-DU is variable and may hence require extensive dynamic signaling unless handled internally in the IAB-DU.
[bookmark: _Toc58832841][bookmark: _Toc61903476][bookmark: _Toc71663388][bookmark: _Toc87042234]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: _Toc87042235]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.
Similar as in Rel-16 IAB, in order for the parent node to provide explicit availability indication to frequency domain soft resource, the parent node should be made aware of the frequency domain resource configuration of the IAB-DU cells, including the RB set configurations (RB set size).
[bookmark: _Toc87042236]The parent node can be made aware of the Rel-17 frequency domain resource configurations of the child IAB-node, including the RB set configuration.
In the RAN1#106bis meeting, there was a discussion on multiplexing operation adaptation and the feature lead had the following proposal [8]:
Proposal 2.3.1a: In Rel-17, the semi-static indication of the multiplexing capability of an IAB node for the case of no-TDM between IAB MT and IAB DU is additionally provided with respect to each transmission-direction combination (per MT CC/DU cell pair):
· Support for FDM (FFS: desired guard band)
· Support for SDM (i.e. parent beam restrictions and/or child beam recommendations)
· Supported timing modes
· Support for DL Tx power adjustment
The feature lead’s conclusion is given as below:
Given the discussion, it seems the issue of supported multiplexing capabilities can be handled directly in 8.17.10 (IAB “UE” Features)
Even though companies are supportive of the intent of the proposal, most companies (7 of 13) have indicated a need of further clarification and discussion of Proposal 2.3.1a. It should be noted that in Rel-16 IAB, the semi-static multiplexing capability reporting is not considered as a UE feature since this capability is reported by the IAB-DU to the donor IAB-node via F1 signaling. We partly agree with the feature lead that the Rel-16 semi-static indication of multiplexing capability should be enhanced. Specifically, an IAB-node should report its FDM capability to the donor-CU, and accordingly the donor-CU may provide the IAB-DU with the semi-static frequency domain resource configuration. One solution is to simply add one more value “supported-FDM required” to the two cases DU_RX/MT_RX and DU_TX/MT_TX in the current Multiplexing Info IE in the 3GPP TS 38.473 [9].
[bookmark: _Toc85814458][bookmark: _Toc87042237]Extend the semi-static IAB node multiplexing capability to include FDM-required for multiplexing modes MT RX/DU RX and MT TX/DU TX in the Multiplexing Info IE in 3GPP TS 38.473 [9].
[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. 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 F1 signaling. In an operational network, the actual multiplexing capability of the IAB-node may change locally and dynamically, and such a change may not be captured by the IAB-donor-CU in time. Considering that the 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. 
In RAN1#106bis-e, the working assumption for coexistence of simultaneous operation was agreed [4]:
	Working Assumption

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#106bis-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 working assumption 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. Consequently, the parent IAB-node and IAB-node may operate in different multiplexing modes in the same slot. It should be noted that the above does not contradict that the FDM configuration inherits some of its attributes from the TDM configuration, e.g., where the FDM H/S/NA configuration coincides with the TDM H/S/NA configuration.
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]Confirm that 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.
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. 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.
[bookmark: _Hlk86913814]After receiving the semi-static configuration from the donor-CU, the IAB-node should initialize the exchange of the operational parameters for simultaneous operation with its parent node and child node. In the RAN1#105e meeting [10], it was agreed that the parent IAB-node is dynamically provided with condition/parameters to facilitate adaptation between multiplexing operation modes. Multiplexing condition signaling can be used for an IAB-node to inform the parent node about the conditions it requires regarding, e.g., timing modes, UL/DL power levels and beam indication, for each simultaneous operation mode. In case of simultaneous MT TX/DU TX, the IAB-node can report to the parent node about the multiplexing conditions and whether it requires 1) Case 6 timing, 2) Parent node indication of restricted IAB-DU beams, and 3) IAB-node indication to parent node to support its MT’s UL TX power control. Similarly, in case of simultaneous MT RX/DU RX, the IAB-node can report to the parent node about the multiplexing conditions on whether it requires or supports 1) Case 7 timing, 2) parent node in Case 7 timing, 3) IAB-node indication of recommended IAB-MT beams to parent node, and 4) IAB-node indication to support parent node DL power control.
[bookmark: _Toc87042239]The IAB-node may report to the parent node a set of multiplexing conditions on the required timing mode, power levels and beam indication: 
· [bookmark: _Toc87042240]For simultaneous MT-TX/DU-TX, the multiplexing conditions include whether the IAB-node requires:
· [bookmark: _Toc87042241]Case-6 timing
· [bookmark: _Toc87042242]Parent node indication of restricted IAB-DU beams 
· [bookmark: _Toc87042243]IAB-node indication to its parent node on its MT’s minimum UL TX power level
· [bookmark: _Toc87042244]For simultaneous MT RX/DU RX, the multiplexing conditions include whether the IAB-node:
· [bookmark: _Toc87042245]Supports adjustment of child node UL TX timing in Case-7 timing
· [bookmark: _Toc87042246]Supports adjustment of UL TX timing for parent node in Case-7 timing
· [bookmark: _Toc87042247]Requires IAB-node indication of recommended IAB-MT beams
· [bookmark: _Toc87042248]Requires IAB-node indication to support parent node maximum DL power level

In an operational network, it may happen that 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: _Toc75943629][bookmark: _Toc76035061][bookmark: _Toc76043318][bookmark: _Toc76043409][bookmark: _Toc76043319][bookmark: _Toc76043410][bookmark: _Toc71663401][bookmark: _Toc87042249]Whether or not to switch to FDM/SDM should be based on the explicit or implicit ACK/NACK response from the parent 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: _Toc87042250]RAN1 selects the following two signaling alternatives for the fallback request to TDM operation mode:
[bookmark: _Toc87042251]Alt1: UCI-based
[bookmark: _Toc87042252]Alt2: MAC-CE based
[bookmark: _Toc87042253]Fallback to TDM does not need an ACK response from the parent IAB-node.
DCI 2_5 for frequency-domain Soft resource
In RAN1#106bis-e, the following agreement was made regarding DCI format 2_5 [4]:
	Agreement
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 resourceAvailabiltyindication
· 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.


As motivated in Section 2.1.3, the 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. Moreover, in FDM, the availability of frequency domain soft resources over time could be indicated in a similar way as the time domain soft resource. 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 usage of frequency Soft resources over time. In particular, the structure of the legacy availability combination table (availabilityCombinations in TS 38.213 [7]) should be reused.
[bookmark: _Toc71634975][bookmark: _Toc71635317][bookmark: _Toc71635383][bookmark: _Toc71635510][bookmark: _Toc71635705][bookmark: _Toc71635786][bookmark: _Toc71635818][bookmark: _Toc71636111][bookmark: _Toc71636172][bookmark: _Toc71636608][bookmark: _Toc71636682][bookmark: _Toc71636852]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 RB set, or a group of RB sets, i.e., a group of set(s) of RBs, to reduce signaling overhead (see the discussion of frequency domain granularity in Section 2.1.1). When transmission/reception resources of a cell are partitioned into (multiple) sets of RBs, there can be multiple frequency-domain soft resources sets of RBs associated to the same slot. In this case, the multiple sets of RBs, which are for example provided with same frequency domain H/S/NA configuration could be associated to one availabilityCombinationId of the availabilityCombinations. Figure 4 gives an example of enhancement of availabilityCombinations to frequency domain soft resource where one availabilityCombinationId can be mapped to RB set identifiers (indices): one could index each individual set of RBs (DU-RB-SET-IDs), or one could index a group of RB sets (DU-RB-SET-group-ID). In the legacy provisioning of availabilityCombinations, the location information in a DCI format 2_5 is only associated to the cell-ID. In an enhanced way of provisioning availabilityCombinations, the location information can be associated to a combination of the cell-ID and DU-RB-SET-IDs, or DU-RB-SET-group-ID, in which case a required size of availabilityCombinations is traded against a required number of Availability Indicator in a DCI format 2_5.
[bookmark: _Toc87042254][bookmark: _Toc77072299][bookmark: _Toc77072300]For explicit availability indication of frequency-domain Soft resources, each availabilityCombinationId of availabilityCombinations can indicate availability for a single or multiple RB sets.
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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.
Additional Enhancement on DCI format 2_5
In this section we address two additional enhancements which can solve some fundamental limitations in the current design of 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 [9], in fact only a fraction. We do not see a reason why the number of manageable IAB-DU cell should be so restricted compared to the number of configurable gNB-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 by 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 per DCI format 2_5 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, e.g., reconfiguring higher layer parameter AvailabilityIndicator (as a dirty work-around), 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: _Toc87042228][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 (set) of IAB-DU cells. As illustrated in Figure 5, 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 all index groups can be extended to 896 (64 groups times 14 IAB-DU cells per group).
[image: ]
[bookmark: _Ref86053631]Figure 5: Enhanced DCI format 2_5 by adding indexing bits.

[bookmark: _Toc87042255]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: _Toc87042256]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 [13] 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 [7] and TS 38.331 [14], 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. Just because the AI indication for a certain cell referenced to at the end in DCI format 2_5 is to be updated, all cells with an assigned position in DCI format 2_5 before this cell would potentially receive two or multiple DCI format 2_5 indications. 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 this DCI format 2_5, so that slots which have already received an availability indication information do not receive multiple Availability Indicators (AIs).
[bookmark: _Toc87042257]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.
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#106bis-e the following objectives of spatial domain resource multiplexing were agreed [4]:
	Agreement
RS ID, based on the IAB node’s DU configurations, is used by a parent node to indicate beams of an IAB-DU in the direction of which simultaneous operation is restricted
· At least SSB ID and [STC index] are supported
· FFS: Whether restrictions are indicated to apply differently for H or S resources
· FFS: Informing the parent node of SRS configuration of the IAB-MT (if collocated with the IAB-DU)

Agreement
The restricted beam indication from the parent node to the IAB node may be indicated (or specified) to be associated with some combination (one or multiple) of the following IAB node’s parameters:
· [Multiplexing mode]
· [MT’s DL beam (e.g. TCI state id)] or MT’s UL beam (e.g., SRI id)
· [DU resource configuration (e.g. soft resources)]
· [Slot index]

Agreement
The recommended beam indication from the IAB-MT to the parent node are provided via MAC-CE:
· For DL Rx beam(s): using one or more of the following:
· DL TCI state ID
· FFS: UE/IAB-MT does not assume that DL Tx power adjustment (if provided) is applied to the SSB index (if supported) indicated as QCLed reference signal in DL TCI state ID. 
· [RS ID]
· [R17 DL TCI, or joint DL/UL TCI ID]
· For UL Tx beam(s): using one or more of the following:
· [Spatial relation]
· [RS ID]
· [R17 UL TCI, or joint DL/UL TCI ID]
· [SRI]



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 2.1.1, H/S/NA resource configuration has been 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 2.1.1),
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: _Toc87042258]SDM, including beam restrictions/recommendations, is restricted to Soft resources.
It was agreed in the RAN1#105e and RAN1#106e 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: _Toc87042259][bookmark: _Hlk75641102]Explicit availability indication overrides SDM beam restrictions in Soft resources.
We think parent node beam restriction is only relevant for parent node reception, corresponding to simultaneous transmission at the IAB node, either in a TDM or FDM soft resource. There is no need for the parent node to indicate either multiplexing mode or IAB-DU resource configuration which should be associated with the restricted IAB-DU beams. If the set of restricted IAB-DU DL TX beams is indicated per IAB-MT’s UL TX beam, the indication can use the corresponding parent node DL RS ID which is associated to the IAB-MT’s UL TX beam.
[bookmark: _Toc87042260]The restricted beam indication from the parent node to the IAB node may be indicated to be associated to IAB-MT’s UL TX beam, via the parent node’s DL RS ID (e.g., SSB ID).
In the RAN1#106bis-e meeting, RS ID, at least SSB ID, was agreed for indication of restricted IAB-DU beams. For IAB node discovery and measurement, an IAB node DU can be configured with maximum 4 STCs, and all parameters in STC are provided explicitly, including the index of SSBs to transmit. This means the specification allows each STC to have individual mapping between SSB beams and indices. Hence, to avoid ambiguity, it is reasonable to provide STC index in additional to SSB ID.
Regarding additional RS, we think 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. Furthermore, considering beam restriction is a DU-to-DU operation, i.e., a DU measuring on another DU’s signal, using CSI-RS or SRS increase complexity in that functionality to either receive and perform measurements on CSI-RS, or to transmit SRS, will be required. 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. 
[bookmark: _Toc87042261][bookmark: _Toc84008869]RS ID (including SSB index and STC index) is sufficient for a parent node to indicate beams of an IAB-DU in the direction in which simultaneous operation is restricted.
In RAN1#106e, it was agreed that a child node can dynamically report to the parent node a set of recommended beams. The evaluation of the IAB-MT beams, including DL RX beams and UL TX beams, can reuse the legacy beam management framework. For both UL IAB-TX beam and DL IAB-RX beam, RS ID, in terms of SSB ID and CSI-RS ID, should be sufficient, with the least specification impact.
[bookmark: _Toc87042262]RS ID (parent node’s SSB ID and CSI-RS ID) is used by a child node to indicate a set of preferred beams to the parent node for both IAB-MT UL TX beam and DL RX beam.
[bookmark: _Ref68176278]Guard symbols for IAB-MT and IAB-DU resource misalignment
In RAN1#106bis-e, the following objectives of multiplexing capability signaling were agreed [4]:
	Agreement
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



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 simultaneous reception of MT/DU 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, the IAB-MT’s UL Tx timing is delayed to be aligned with the IAB-DU’s DL Tx timing. When Case #7 timing alignment is used, the IAB-DU’s UL Rx timing is delayed to be aligned with the co-located IAB-MT’s DL Rx timing. Accordingly, some of the desired guard symbols will change comparing to using 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 inform about the corresponding Desired/Provided guard symbols to use. In RAN1#106bis-e only the following switching scenarios are considered for guard enhancements in Rel-17 eIAB:
· 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
There are also proposals to further reduce the switching scenarios by exploiting the parameters from OTA based timing. It should be noted that OTA based timing was not meant for such purpose. If OTA-based method is not used in some timing cases, the related parameters will not be available to estimate the Desired/Provided guards symbols. In addition, the Provided Guard Symbols, not necessary equals to the Desired Guard Symbols, gives the parent-node flexibility to adjust the guard symbols based on its own needs. Even though in some scenarios it is possible to estimate the Desired Guard Symbols, in a general way, the Provided Guard Symbols should still be indicated by the parent-node. Finally, the switching scenarios from Case #1 to Case #6/Case #7, and from Case #6/Case #7 to Case #1 are equally relevant as the switching scenarios between Case #6 and Case #7.
Figure 6 shows an analysis of Guard symbols for different switching combinations among Case #1, Case #6 and Case #7 timing modes. Figure 6a) lists the 8 switching scenarios considered in Rel-16 IAB guard symbol provisioning for the TDM case. In Figure 6b), the grey marked switching scenarios, between IAB-MT and IAB-DU operations, may need a different number of guard symbols compared to the Rel-16 TDM case. As further depicted in Figure 6c), among the grey marked scenarios, the scenarios marked with a blue circle, may need guard symbols between the IAB-node and parent-node operations; the scenarios marked with a green circle may need guard symbols between the IAB-node and child-node operations, depends on the child-node’s operation in the previous slot (when the IAB-node switches to Case #7 timing), or the next slot (when the IAB-node switches from Case #7 timing).
[bookmark: _Toc87042263]Desired/Provided Guard Symbols are signaled to cover all relevant switching combinations among Case #1, Case #6 and Case #7 timing alignments in Figure 6c):

Guard symbols may be needed when the IAB-node transitions:
· [bookmark: _Toc87042264]Case #6 MT UL TX -> Case #1 DU UL RX
· [bookmark: _Toc87042265]Case #6 MT UL TX -> Case #7 DU UL RX
· [bookmark: _Toc87042266][bookmark: _Toc87034865][bookmark: _Toc87035331][bookmark: _Toc87034866][bookmark: _Toc87035332][bookmark: _Toc87034867][bookmark: _Toc87035333][bookmark: _Toc87034868][bookmark: _Toc87035334][bookmark: _Toc87034869][bookmark: _Toc87035335][bookmark: _Toc87034870][bookmark: _Toc87035336][bookmark: _Toc87034871][bookmark: _Toc87035337][bookmark: _Toc87034872][bookmark: _Toc87035338][bookmark: _Toc87034873][bookmark: _Toc87035339][bookmark: _Toc87034874][bookmark: _Toc87035340][bookmark: _Toc87034875][bookmark: _Toc87035341][bookmark: _Toc87034876][bookmark: _Toc87035342][bookmark: _Toc87034877][bookmark: _Toc87035343][bookmark: _Toc87034878][bookmark: _Toc87035344][bookmark: _Toc87034879][bookmark: _Toc87035345][bookmark: _Toc87034880][bookmark: _Toc87035346]Case #7 DU UL RX -> Case #6 MT UL TX
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[bookmark: _Ref74597259][bookmark: _Ref79179569]6c)
[bookmark: _Ref86611901]Figure 6: 6a) Guard symbols for the Rel-16 TDM case; 6b) Grey marked scenarios may have a different number of guard symbols compared to the Rel-16 TDM case; 6c) Scenarios marked with a blue circle may need Guard symbols between IAB-node and parent-node operations
[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]Comments on RRC parameters
This section addresses some additional upper layer parameters to support eIAB physical layer operations, which are not included the latest summary from RAN1#106bis [15]. 
Further, in the document that followed post-RAN1 #106-e, some differences of opinions were presented among companies [16]. Here, we present our view on how these differences of opinion should be solved.
Frequency domain soft resource availability
In RAN1#106bis-e, the following agreement was made regarding frequency domain DCI format 2_5 [4] :
	Agreement
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 resourceAvailabiltyindication
· 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.


According to the above agreement, in Rel-17 IAB, the (single) availability indication for the frequency domain soft resources can be provided to a set of RB sets. This will introduce new RRC parameters which are needed for dynamic indication of frequency domain soft resource availability and they should be included to the list of upper layer parameters to support eIAB physical layer operation.
[bookmark: _Toc87042267]Include new RRC parameters which are needed to support dynamic indication of frequency domain soft resource availability to the list of upper layer parameters for eIAB physical layer operation.
Dual connectivity
In RAN1#106e and RAN1#106bis-e, the following agreements were made regarding directional collision handing in IAB intra-donor [5] and inter-donor dual connectivity [4]:
	Agreement (RAN1#106e)
The following solutions are supported to handle potential indication conflict of overlapping flexible symbols between two parent IAB-nodes:
· In intra-donor DC scenarios, if the IAB MT does not support simultaneous Tx and Rx on different carriers, it does not expect to receive conflicting DCI 2_0 from different parents. 

Agreement (RAN1#106bise)
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


The extract below from the specifications TS 38.306 [17], TS 38.331[14], TS 38.213 [7] 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 [7].
	Extract from TS 38.306 [17]
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 [14]
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 [7], 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: _Toc85572128][bookmark: _Toc85812178][bookmark: _Toc87042268]For directional collision handling in IAB inter-donor and intra-donor DC scenarios, introduce the following capabilities and RRC parameters
· [bookmark: _Toc85572129][bookmark: _Toc85812179][bookmark: _Toc87042269]simultaneousRXTXIABInterDonorDC capability
· [bookmark: _Toc85572130][bookmark: _Toc85812180][bookmark: _Toc87042270]simultaneousRXTXIABIntraDonorDC capability
· [bookmark: _Toc85572131][bookmark: _Toc85812181][bookmark: _Toc87042271]half-DuplexTDD-IABNRDC-r17 capability
Regarding the RRC parameter directionalCollisionHandling, the IAB-node may reuse the same parameter from the Rel-16 specification, since it was agreed in RAN1#105e that the Rel-16 CA TDD prioritization rules in case of directional conflict apply to the IAB DC scenarios when they are applicable [10]. 
	Agreement (RAN1#105e)
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


Alternatively, a new IAB-specific parameter could be introduced, since the prioritization rules from the RAN1#106-e and RAN1#106bis-e meetings only apply to IAB DC scenarios. Based on the above observations, we propose the following two alternatives to handle the RRC parameter directionalCollisionHandling in IAB DC scenarios:
[bookmark: _Toc87042272]For directional collision handling in IAB inter-donor and intra-donor DC scenarios, RAN1 decides whether or not a new RRC signal should be introduced:
[bookmark: _Toc87042273]Alt1: reuse the Rel-16 RRC parameter directionalCollisionHandling-r17
[bookmark: _Toc87042274]Alt2: introduce the new RRC parameter IABDCdirectionalCollisionHandling-r17
Interpretation of agreements related to frequency domain resource size granularity
In RAN1 #105-e, the following agreement was made [10]:
	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


Following the agreement, there have been a discussion regarding the interpretation of “N is at least the # PRBs that are corresponding to the MT’s # PRBs of an RBG.” It is possible to interpret that part of the agreement in two different ways:
1. N is configured independently of RBG size and is constrained such that N is at least the # PRBs that are corresponding to the MT’s maximum # PRBs of an RBG. In this case, values lower than 16 would not be allowed.
2. N is configured dependently of RBG size and is constrained such that N is at least the # PRBs that are corresponding to the MT’s configured # PRBs of an RBG.
The only reasonable interpretation is, of course, 2, since, for 1, values below 16 would be useless and that contradicts the first sub-bullet of the agreement.
In addition, some companies attempt to make a third interpretation:
3. N is configured independently of RBG size and is constrained such that N is at least the # PRBs that are corresponding to the MT’s minimum # PRBs of an RBG.
We do not share this interpretation since there is nothing in the agreement stating that it is only valid for configurations with minimum RBG sizes.
In order to clarify the interpretation of the above agreement, we propose that the above agreement is complemented with a clarification that N is at least the # PRBs that are corresponding to the MT’s configured RBG size.
[bookmark: _Toc85812185][bookmark: _Toc87042275]Include the following for the value range of P02 in the RRC parameters for eIAB:
[bookmark: _Toc85812186][bookmark: _Toc87042276]N is at least the # PRBs corresponding to the MT’s configured # PRB of an RBG. 
Conclusion
In the previous sections we made the following observations: 
Observation 1	The H/S/NA frequency resource alignment between IAB-MT and IAB-DU means no limitation in how resources that are available to the IAB-DU are used for scheduling UEs.
Observation 2	In order to meet earlier agreements, the candidate values for N must depend on the IAB-MT’s RBG configuration.
Observation 3	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 4	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 5	The parent DU does not know about the carrier bandwidth of the IAB-DU cell, and hence, the frequency domain mapping of the IAB-DU RB sets cannot be based on that.
Observation 6	The following alternatives are feasible for frequency domain H/S/NA configuration:
Alt. 1: RB set configuration is based on IAB-DU carrier and the parent node is made aware of the IAB-DU carrier.
Alt. 2: RB set configuration is based on the union of all IAB-MT’s BWPs.
Alt. 3: Per-BWP frequency domain H/S/NA configuration, including the RB set configuration.
Observation 7	By introducing both DL and UL power control, the leakage (in analogy to ACLR) between resources used by IAB-MT and IAB-DU is variable and may hence require extensive dynamic signaling unless handled internally in the IAB-DU.
Observation 8	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	The frequency domain granularity, i.e., the N RBs in an RB set is related to MT’s BWP and number of PRBs in an RBG, NRB(RBG), as given in Table 1.
Proposal 2	Support per-BWP frequency domain H/S/NA configuration, including the RB set configuration.
Proposal 3	RB sets which are non-overlapping with the IAB-MT’s active BWPs, are treated as Hard DU resources.
Proposal 4	RAN1 should discuss the indexing of RB sets (including complete and incomplete RB sets) and how many incomplete RB sets can be configured for each IAB-DU cell.
Proposal 5	In case that an IAB-DU cell is overlapping with multiple IAB-MT’s serving cells, the IAB-DU cell is configured with one N value which is derived based on the largest RBG size of all IAB-MT cells and is common to all the MT-BWPs.
Proposal 6	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.
Proposal 7	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 8	The parent node can be made aware of the Rel-17 frequency domain resource configurations of the child IAB-node, including the RB set configuration.
Proposal 9	Extend the semi-static IAB node multiplexing capability to include FDM-required for multiplexing modes MT RX/DU RX and MT TX/DU TX in the Multiplexing Info IE in 3GPP TS 38.473 [9].
Proposal 10	Confirm that 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 11	The IAB-node may report to the parent node a set of multiplexing conditions on the required timing mode, power levels and beam indication:
	For simultaneous MT-TX/DU-TX, the multiplexing conditions include whether the IAB-node requires:
o	Case-6 timing
o	Parent node indication of restricted IAB-DU beams
o	IAB-node indication to its parent node on its MT’s minimum UL TX power level
	For simultaneous MT RX/DU RX, the multiplexing conditions include whether the IAB-node:
o	Supports adjustment of child node UL TX timing in Case-7 timing
o	Supports adjustment of UL TX timing for parent node in Case-7 timing
o	Requires IAB-node indication of recommended IAB-MT beams
o	Requires IAB-node indication to support parent node maximum DL power level
Proposal 12	Whether or not to switch to FDM/SDM should be based on the explicit or implicit ACK/NACK response from the parent IAB-node.
Proposal 13	RAN1 selects the following two signaling alternatives for the fallback request to TDM operation mode:
Alt1: UCI-based
Alt2: MAC-CE based
Proposal 14	Fallback to TDM does not need an ACK response from the parent IAB-node.
Proposal 15	For explicit availability indication of frequency-domain Soft resources, each availabilityCombinationId of availabilityCombinations can indicate availability for a single or multiple RB sets.
Proposal 16	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 17	Introducing group indexing bits in DCI format 2_5 to further increase the number of IAB-DU cells that can be indicated AI.
Proposal 18	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.
Proposal 19	SDM, including beam restrictions/recommendations, is restricted to Soft resources.
Proposal 20	Explicit availability indication overrides SDM beam restrictions in Soft resources.
Proposal 21	The restricted beam indication from the parent node to the IAB node may be indicated to be associated to IAB-MT’s UL TX beam, via the parent node’s DL RS ID (e.g., SSB ID).
Proposal 22	RS ID (including SSB index and STC index) is sufficient for a parent node to indicate beams of an IAB-DU in the direction in which simultaneous operation is restricted.
Proposal 23	RS ID (parent node’s SSB ID and CSI-RS ID) is used by a child node to indicate a set of preferred beams to the parent node for both IAB-MT UL TX beam and DL RX beam.
Proposal 24	Desired/Provided Guard Symbols are signaled to cover all relevant switching combinations among Case #1, Case #6 and Case #7 timing alignments in Figure 6c):  Guard symbols may be needed when the IAB-node transitions:
	Case #6 MT UL TX -> Case #1 DU UL RX
	Case #6 MT UL TX -> Case #7 DU UL RX
	Case #7 DU UL RX -> Case #6 MT UL TX
Proposal 25	Include new RRC parameters which are needed to support dynamic indication of frequency domain soft resource availability to the list of upper layer parameters for eIAB physical layer operation.
Proposal 26	For directional collision handling in IAB inter-donor and intra-donor DC scenarios, introduce the following capabilities and RRC parameters
	simultaneousRXTXIABInterDonorDC capability
	simultaneousRXTXIABIntraDonorDC capability
	half-DuplexTDD-IABNRDC-r17 capability
Proposal 27	For directional collision handling in IAB inter-donor and intra-donor DC scenarios, RAN1 decides whether or not a new RRC signal should be introduced:
Alt1: reuse the Rel-16 RRC parameter directionalCollisionHandling-r17
Alt2: introduce the new RRC parameter IABDCdirectionalCollisionHandling-r17
Proposal 28	Include the following for the value range of P02 in the RRC parameters for eIAB:
N is at least the # PRBs corresponding to the MT’s configured # PRB of an RBG.
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