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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
Application of frequency domain H/S/NA configuration
In this section, we address the deferral from the RAN1#109-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 [2]. 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.

Conclusion (RAN1#109-e)
If both Rel-16 H/S/NA and Rel-17 H/S/NA are configured for a given resource and the child node is operating in TDM multiplexing mode, consider the following alternatives until RAN1#110:
· Alt. 1: the child node follows the Rel-16 H/S/NA configuration for the resource
· Alt. 2: the child node follows the Rel-17 H/S/NA configuration for the resource
· Alt. 3: A resource configured with Rel-16 H or Rel-16 S with dynamic indication of availability overrides the Rel-17 H/S/NA configuration, otherwise the child node follows the Rel-17 H/S/NA configuration for the resource
· Alt. 4 the child node follows the Rel-16 or Rel-17 H/S/NA based on implicit indication (e.g. Case 6 timing indication) between parent and child node.


Our interpretation of the above agreements from RAN1#105-e and RAN1#106-e meetings is that time-domain H/S/NA is always provided to the IAB-node even if ”TDM not required” is indicated to the IAB-donor-CU. 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 mutually exclusive 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 (i.e., 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. 
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. It is expected that separate TDM and FDM H/S/NA configurations are optimized with respect to the orthogonal TDM and FDM operational conditions. It will require undesirably high complexity to optimize oneH/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 instead to strive for one common optimal H/S/NA configuration which is equally good for TDM and FDM operations. 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. 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. Clearly, 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. 
[bookmark: _Toc111234996]Both Alt. 2 and Alt. 3 require joint TDM and FDM H/S/NA configurations, increasing complexity and reducing performance.
As already agreed in RAN1#104 meeting, indication of applicability of a given multiplexing capability between an IAB node and its parent node is supported. 
	Agreement (RAN#104)
Support indication/reporting of information between an IAB node and its parent node to assist in the determination of the applicability of a given multiplexing capability in case of simultaneous operation. The following solutions are considered (other solutions not precluded):
· Temporal applicability of a given multiplexing capability 
· Time/frequency resource restrictions (e.g. access vs. backhaul links, DL vs. UL resources)
· Indications of conditions/reporting information required to realize the given multiplexing capability, (e.g. timing mode, power control, guard symbols, etc.)
FFS: channels/signals used for indicating/reporting information


Rel-17 IAB supports the following multiplexing adaptation parameters:
· Timing case indication
· Child IAB-DU restricted beam indication
· IAB-MT recommended beam indication
· Desired DL TX power adjustment
· DL TX power adjustment
· Desired IAB-MT PSD range

In our view, the application of the Rel-16 or Rel-17 H/S/NA configuration can be determined both explicitly and implicitly where the implicit indication can for example be based on the above multiplexing adaptation parameters exchanged between the IAB node and the parent node. Figure 1 gives an example that 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. 
[image: Timeline
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[bookmark: _Ref100350606]Figure 1: 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 support at least implicit indication between the IAB node and parent node about which H/S/NA configuration to apply.
[bookmark: _Toc87042238][bookmark: _Toc111234999]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, support implicit indication (e.g., Case 6 timing indication) between the IAB node and the parent node about which H/S/NA configuration to apply. 
Definition of frequency domain H/S/NA
In the RAN1#109e meeting, the following agreement was achieved regarding the definition for frequency domain H/S/NA [2]. 

Agreement (RAN1#109-e)
The following RAN1#108-e agreement is amended as:
	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.


As explained in [7], 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 thereof) introduce 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. Currently, 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 that mandates interference from Hard resource to be confined to be within Hard resources. Without such a definition of Hard, RAN4 may need to impose adjacent leakage requirements on NA and Soft-INA resources such that these can function sufficiently well without interference from other resources – in practice no different from introducing a change of Hard resources in the RAN1 specifications. We believe the current definition of frequency Hard resources without the above restriction will lay the foundation for future problems. Considering that Rel-18 Mobile IAB will be founded on Rel-17 IAB, any static, local and predictable problems related to guard bands will instead be dynamic, widespread and unpredictable in Rel-18 Mobile IAB. The interference from DU into MT frequency resources can make the parent BH link unreliable, potentially affecting all downstream (child) IAB-nodes. For (static) Rel-17 IAB-nodes one could argue (though questionable) that the parent node could learn what frequency resources (in communication with the MT) are affected by interference and adjust its resource scheduling accordingly. However, in a scenario with frequent change of parent IAB-nodes (such as Rel-18 Mobile IAB), this is not feasible anymore. It should be noted that limiting the self-interference is even more important than limiting the interference from other IAB nodes due to the different interference power levels.
[bookmark: _Toc111234997]Allowing the DU unconditional use of Hard resources, irrespective of interference on Soft or Not Available resources, assumes static channel conditions and will require a different solution for Rel-18 mIAB.
Based on the above observation, we propose to address the adjacent channel leakage: 
[bookmark: _Toc111235000]To address the adjacent channel leakage between RB sets in FDM operation, RAN1 to decide to adopt
a. [bookmark: _Toc111235001]Alt 1: RAN1 based solution, restricting Hard resource utilization, or
b. [bookmark: _Toc111235002]Alt 2: RAN4 based solution, imposing adjacent leakage requirements into NA and Soft-NIA resources.
Additional enhancement on DCI format 2_5
In RAN1#108-e, the following DCI format 2_5 enhancement was deferred to the RAN1#109-e meeting [2]. In this section, we present our view on the proposals. 
	Conclusion RAN1#109-e:
Consider until RAN1#110 the following solutions to increase the number of IAB-DU cells that can be provided with availability information for soft resources:
· Alt. 1. extension of DCI format 2_5 payload from 128 bits to 134 bits
· Alt. 2. Mapping the bits of an availabilityIndicator to one or multiple cells


Our previous contribution [8] 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 [1]. 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: _Toc111234998]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 2, 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 2: Enhanced DCI format 2_5 by adding indexing bits.

[bookmark: _Toc111235003]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.
Conclusion
In the previous sections we made the following observations: 
Observation 1	Both Alt. 2 and Alt. 3 require joint TDM and FDM H/S/NA configurations, increasing complexity and reducing performance.
Observation 2	Allowing the DU unconditional use of Hard resources, irrespective of interference on Soft or Not Available resources, assumes static channel conditions and will require a different solution for Rel-18 mIAB.
Observation 3	In the current DCI format 2_5, the number of availability indication can be limited to 14 IAB-DU cells of maximum 512 IAB-DU cells.

Based on the discussion in the previous sections we propose the following:
Proposal 1	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, support implicit indication (e.g., Case 6 timing indication) between the IAB node and the parent node about which H/S/NA configuration to apply.
Proposal 2	To address the adjacent channel leakage between RB sets in FDM operation, RAN1 to decide to adopt
a.	Alt 1: RAN1 based solution, restricting Hard resource utilization, or
b.	Alt 2: RAN4 based solution, imposing adjacent leakage requirements into NA and Soft-NIA resources.
Proposal 3	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.
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