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1. Introduction
This contribution provides our view on the IAB resource management framework in the context of the Rel-17 IAB WID [1] objectives.     
[bookmark: _Hlk32401284][bookmark: _Hlk24102609]2. Extension of resource management to frequency domain
2.1 Supporting semi-static frequency-domain resource configuration
The following agreements have been made in RAN1-106e [x] regarding supporting semi-static frequency-domain H/S/NA configuration in Rel-17. 
	Agreement 
The semi-static configuration of H/S/NA resource type in frequency domain is provided per RB set, per D/U/F resource type within a slot.
Agreement
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.
Agreement
N is a configured number of PRBs, where the CU configures N
· N = {2, 4, 8, 16, 32, 64}
· FFS: Value(s) of N in case of multiple configured BWPs at the IAB-MT
· This agreement does not revert any existing RAN1 agreement



In last RAN1-106e meeting, it has been agreed that the frequency-domain H/S/NA resource type is provided per RB set, per D/U/F resource type within a slot. But there are diverse views from different companies on whether to support time-varying frequency-domain H/S/NA patterns over a number of slots in the Rel-17 frequency-domain configuration. We can see that there are many benefits to support this configuration flexibility: 
· to provide frequency-domain diversity by distributing the Hard/Soft RB sets over the entire CC on different slots while doing FDM multiplexing with parent node. 
· to allow for more flexible scheduling. 
· to achieve low latency, e.g. by configuring at least one Hard RB set at every or most of slots to provide transmission opportunity for low-latency traffic and configuring more Hard RB sets at selected slots to balancing channel usage with parent node for best effort traffic.
Based on above observations, we propose to support Rel-17 frequency-domain H/S/NA configuration with time-domain component.
Proposal 2.1:
Support Rel-17 frequency-domain H/S/NA configuration to provide time-varying frequency-domain H/S/NA pattern over a number of slots.           
In last RAN1-106e meeting, there are many discussions on interaction between the Rel-17 frequency-domain H/S/NA configuration and the default Rel-16 time-domain configuration to obtain the full H/S/NA configuration in time-frequency grid, which can be summarized by the following two approaches:
· [Separate-]approach1: The Rel-17 frequency-domain configuration itself can provide H/S/NA pattern in time-frequency grid, and it can override Rel-16 time-domain configuration completely or partially over selected slots and/or RB sets to obtain the full configuration in time-frequency grid. 
· [Joint-]approach2: The Rel-17 frequency-domain configuration is a partial configuration in frequency-domain only within a slot, and the full configuration in time-frequency grid is obtained by joint application of Rel-17 frequency-domain configuration with Rel-16 time-domain configuration with some specified rules.    
It can be seen that [separate-]approach1 is more flexible in terms of configuring H/S/NA resource pattern in time-frequency grid than [joint-]Approach2, and at the same time it can also save signaling overhead by making use of Rel-16 time-domain configuration at slots intended for TDM operation. In addition, for [joint-]approach2, extra effort is required to define the rules in spec. Therefore, we propose to support [separate-]approach1. Regarding on the signaling details on defining Rel-17 frequency-domain configuration, we propose to reuse the Rel-16 signaling format as much as possible. In Rel-16, the H/S/NA resource pattern is configured for a DU cell via gNB-DU cell resource configuration IE defined in TS38.473[3], where at most 1 configuration item for H/S/NA pattern is included in a configuration list. It can be seen that this IE can be easily extended to support FDM within a CC by extending the configuration list to multiple configuration items, with each item associated with one RB set as shown in Fig.1. In order to support the configuration flexibility to override Rel-16 time-domain configuration completely or partially, we propose to support the optional fields of RB set index and slot index in the Rel-17 configuration. If these fields are not provided, configuration for all RB sets and/or all slots within the transmission periodicity shall be specified.       
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Fig.1 Illustration of proposed Rel-17 frequency-domain H/S/NA configuration  
Proposal 2.2:
Support Rel-17 frequency-domain H/S/NA configuration by extending the gNB-DU cell resource configuration IE used by the Rel-16 time-domain configuration to the granularity of an RB set, where selected slots and RB sets can be optionally specified.
For configuration of RB sets, in last RAN1-06e meeting, it has been agreed that the size of an RB set shall be selected from the candidate values of {2, 4, 8, 16, 32, 64}, which include all candidate values of a RBG {2,4,8,16} and their integer multiples. With the max RB set size N=64, at least 5 RB sets are required to cover a max carrier bandwidth of (275RBs in FR1, 264RBs in FR2). But in many use cases, it may be sufficient to configure 2 or 3 RB sets to coordinate MT and DU’s resource use. Therefore, we propose to add a few more candidate values for size of an RB set. 
Proposal 2.3:
For the size of an RB set, support additional candidate values of {96,128,160} to the agreed list of {2,4,8,16,32,64} so that it can be sufficient to configure 2 or 3 RB sets for a max carrier bandwidth. 
2.2 Supporting dynamic frequency-domain multiplexing with DCI2-5
In last RAN1-106e meeting, the following agreement has been made for extension of DCI2-5 framework to support dynamic frequency-domain multiplexing within a CC.    
	Agreement
To support soft resource availability in the frequency domain, the existing DCI 2_5 format is reused according to one of the following alternatives:
· Alt. 1: A single DCI format 2_5 can be received indicating availability for multiple RB sets which correspond to the same time resources of the child IAB-DU cell.
· Alt. 2: Multiple DCI format 2_5 can be received indicating availability with the granularity of one or more RB set(s) for different RB sets which correspond to the same time resources of the child IAB-DU cell.
· Alt. 3: A single DCI format 2_5 can be received indicating availability of all the soft resources which correspond to the same time resources of the child IAB-DU cell.



Among these three alternatives, we can see that:
· Both Alt1 and Alt2 have flexibility to indicate availability of all or a subset of soft RB sets in a slot to the child node. This flexibility allows for an IAB-node to dynamically partition soft RB sets of a slot between itself and its child node, e.g. based on applicability of multiplexing capability. 
· Note that the simultaneous multiplexing capability can be conditional and dynamic, e.g. due to changes in environment or whether the required conditions for the simultaneous operation mode can be met or not.   
· E.g. a slot can be indicated as soft for all RB sets, if FDM is required to support a simultaneous multiplexing mode at the child node, the IAB-node may release a subset of the RB sets to the child node for FDM operation; and if the simultaneous multiplexing mode cannot be supported at the child node, the IAB-node may release the whole soft slot to the child node for TDM operation.          
· In Alt3, the existing DCI2_5 framework is reused for the case with H/S/NA pattern configured in frequency-domain in granularity of an RB set. But Alt3 is more restrictive than Alt1 & Alt2 in that it can only indicate availability of all soft RB sets in a slot. 
· For the case that a slot is indicated as soft for all RB sets, the IAB-node cannot release a subset of RB sets for FDM operation with the child node. 
· Between Alt1 and Alt2, Alt2 requires transmission of multiple DCI2_5s for different RB sets and has more over-the-air signaling overhead than Alt1. It may also require more spec effort to define interactions between these DCI2_5s. 
Based on above analysis, we propose to support ALT1. 
Observation 2.1
For supporting soft resource availability in frequency-domain, 
· Alt1 is more flexible than Alt3 in that it can dynamically indicate availability of all or a subset of RB sets to the child node based on applicability of simultaneous operation mode and FDM requirement.
· Alt1 has less over-the-air signaling overhead than Alt2.   
Proposal 2.4:
Support Alt1 with a single DCI format 2_5 to indicate availability for multiple RB sets corresponding to the same time resource of the child IAB-DU cell.     
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Fig.2. Example of signaling enhancements to support dynamic FDM within a carrier
In Fig.2, we show an example of signaling enhancements to achieve Alt1, where the RRC configured table for the availability combinations is extended so that availability can be indicated in both time and frequency domain. There can be different options to extend the RRC configured table, and two options are shown in Fig.2. In Option1, the one 3-bit resourceAvailability element per slot in Rel-16 can be extended to multiple resourceAvailability elements per slot, each associated with one RB set of the slot. In option2, the one 3-bit resourceAvailability element per slot in Rel-16 can be extended to two elements per slot: one for time-domain indication, and one for frequency-domain indication. It can be seen that option1 provides more flexible patterns but at the cost of higher signaling overhead than option2.       
Note that if the semi-static configuration of H/S/NA is extended to the frequency-domain, the term “soft DL/UL/Flexible symbols” used in the spec-defined table for resourceAvailability elements in TS38.213 [4] may not be valid, because a symbol can have mixed indications of “Hard/NA/Soft” at different RB sets in frequency-domain. Therefore, we propose to update the spec-defined table for resourceAvailability elements with more general terms so that it can be applied regardless whether the semi-static configuration of Hard/Soft/NA is extended to frequency-domain, e.g. replacing “soft DL/UL/Flexible symbols” with “soft resources in DL/UL/Flexible symbols” as shown in Fig.3.
Proposal 2.5:
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. 
· E.g. replacing “soft DL/UL/Flexible symbols” with “soft resources in DL/UL/Flexible symbols” 
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Fig.3 Proposed changes to table of resourceAvailability elements defined in TS38.213. 
3. Adaptation of multiplexing operation
3.1 Signaling for supporting adaptation of multiplexing operation 
The following agreements have been made in RAN1-105e [2] to facilitate adaptation between multiplexing operation modes.
	Agreement
The parent IAB-node is dynamically provided with conditions/parameters to facilitate adaptation between multiplexing operation modes:
· FFS: Required number of guard symbols for switching of multiplexing mode (FFS: per timing mode or per multiplexing mode) for IAB-DU
· FFS: Signalling procedure
· FFS: Required guard band for FDM
· FFS: other conditions, e.g. required timing mode, required power control parameters, and preferred TCI.


In Section2, we have discussed support of FDM for simultaneous multiplexing at an IAB-node. But FDM may or may not be required for a simultaneous multiplexing operation depending on implementation and environment, e.g. FDM may not be required if IAB-node has separate panels for MT and DU with sufficient isolation. Among different simultaneous operation modes: simul-TX (MT_TX/DU_TX), simul-RX (MT_RX/DU_RX), full-duplex-DL (MT_RX/DU_TX), full-duplex-UL (MT_TX/DU_RX), the FDM may be required for some operation modes (e.g. for full-duplex-DL/UL), but not for other operation modes (e.g. for simul-TX/RX). As shown in Fig.4, the optimum resource pattern for an IAB-node with capability of simultaneous operation depends on whether FDM is required or not. If FDM is required, it is desirable to split the frequency-domain resources between parent and child nodes; otherwise, overlapping Hard frequency-domain resources can be configured for both parent and child node. With this knowledge of FDM required or not, donor-CU can determine more efficient resource pattern for IAB-network. If this information is known by parent node, parent node may dynamically determine allocation of soft resources to child node based on whether FDM is required or not, e.g. if FDM is not required, the parent node can indicate all RB sets in a soft slot to the child node and SDMed with the child node in both time-frequency domain; otherwise if FDM is required, the parent node may indicate a subset of RB sets in a soft slot to the child node and FDMed with the child node.          
Observation 3.1:
For a supported simultaneous operation mode at an IAB-node, the assistant information on whether FDM is required or not can be beneficial 
· for the donor-DU to determine more efficient H/S/NA resource pattern,
· for the parent node to make more optimized decision on coordinating soft resources with its child node.       
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Fig.4 Supporting indication of FDM required or not to donor-CU and/or parent node.
Proposal 3.1: 
Support indication of whether FDM is required or not for a simultaneous operation mode to donor-CU and/or parent node.

In section2, we discussed use of Rel-17 frequency-domain H/S/NA configuration to override Rel-16 time-domain configuration completely or partially. This overridden can be done semi-statically and/or dynamically. Since the simultaneous multiplexing capability can be conditional and dynamic in nature, the optimum resource pattern may depend on the applicable simultaneous operation modes. In previous RAN1 meetings, it has been agreed to provide both Rel-16 time-domain resource configuration and Rel-17 frequency-domain resource configuration to an IAB-node with capability of one or more simultaneous multiplexing operation modes. Based on the reported capability, the donor-CU may determine optimized resource patterns in Rel-17 frequency-domain resource configurations for the IAB-node and its parent. But due to changing of environment or the required conditions may not be met, one or more of the reported simultaneous operation modes may not be applicable for some time. During this period of time, for the subset of time resources where the non-applicable simultaneous operation mode(s) is intended for based on the Rel-17 frequency-domain configuration, it can be desirable to fall back to Rel-16 configuration on this subset of time resources. In Fig.5, we showed an example of dynamic adaptation of resource pattern via falling back to Rel-16 configuration on the set of time resources where the reported simultaneous operation is not applicable. In other words, the Rel-17 frequency-domain configuration dynamically override the Rel-16 time-domain configuration on selected time resources based on applicable simultaneous operation mode(s). In the extreme case, if none of reported simultaneous operation modes are applicable, the resource configuration completely falls back to Rel-16 configuration. Note that the parent node shall also be made aware of applicability of simultaneous operation modes at the IAB-node to determine its own proper resource patterns and the resulting child’s resource patterns, a dynamic indication of such applicability shall be supported by the IAB-node to its parent node. 

Note that in 8.10.2 there are discussions on how to indicate required conditions for a multiplexing operation mode, e.g. timing, power control etc. from an IAB-node to its parent node. The signaling for indication of applicability of simultaneous operation modes can be designed in a unified framework together with indication of required conditions, where one of indicated fields is to indicate applicability of simultaneous operation mode.           
       
[image: ]
Fig.5 Dynamic adaptation of resource pattern based on applicable multiplexing modes

Proposal 3.2: 

Support dynamic indication by the IAB-node to its parent-node to indicate applicability of simultaneous operation modes.
· FFS: indicated in the same signaling for required conditions. 
· FFS: support of dynamic overriding Rel-16 time-domain configuration by Rel-17 frequency-domain configuration based on indication of applicability of simultaneous operation modes.    
3.2 Guard symbols
RAN1 #106-e agreed to the following,
	Agreement
MAC-CE signaling of Desired/Provided Guard Symbols is enhanced (e.g. using the same Rel-16 MAC-CE design) to support indication of guard symbols additionally required for Case #6 and Case #7 timing cases.
· FFS: Number of guard symbols associated with Case #6 and Case #7 timing modes
· FFS: Need for explicit indication of guard symbols switching between timing cases



Rel-16 framework of desired/provided guard symbols indication is to address different types of switching between MT TX/RX and DU TX/RX. And in Rel-16, we only have one timing case which is Case 1.
However, in Rel-17, we have extended the modes of operation in two dimensions:
· 4 new enhanced multiplexing modes of (MT TX, DU TX), (MT RX, DU RX), (MT TX, DU RX), (MT RX, DU TX), are supported in addition to the 4 original modes of (MT TX), (MT RX), (DU TX), (DU RX).
· 2 new MT UL TX timing cases, i.e., Case 6 UL TX timing, and Case 7 UL TX timing, are supported in addition to the legacy Case 1 UL TX timing
· 1 new DU UL RX timing case, i.e., Case 7 UL RX timing, is supported in addition to the original Case 1 UL RX timing.
It is observed there are quite a few new types of switching across different combinations of [up to 8] multiplexing modes and [up to 3] timing cases, and each switch type may require a different number of guard symbols. But supporting an indication of the desired/provided guard symbols for all such switch types will lead to complicated signaling and a larger overhead and is not justified.
Observation 3.2:
Rel-17 supports quite a few new types of switching across combinations of MT/DU timing cases, and MT/DU multiplexing modes.
Each switch type may require a different number of guard symbols. However, supporting an indication of desired/provided guard symbols for all switch types will lead to a large signaling overhead.
We should then agree to a subset of switch types for extension of Rel-16 indication of desired/provided guard symbols. We propose to limit the extension to support the new timing cases, and not explicitly the new multiplexing modes. That is, to support switching between MT TX/RX and DU TX/RX when Case 6 or Case 7 is adopted. 
To support a different timing case at the DU (i.e., DU RX timing to be based on Case 7 vs Case 1), the parent-node should know if/when the IAB-DU adopts Case 7 UL RX timing. Providing this extra information to the parent-node is not justified.
[bookmark: _Hlk84016868]Observation 3.3:
To support extension of Desired/Provided Guard Symbols to a new UL RX timing at a DU (based on Case 7) will further require providing the parent-node if/when the IAB-DU adopts Case 7 UL RX timing. This is not justified, due to its large signaling overhead, and questionable benefit. 
Therefore, we propose to extend the indication of desired/provided guard symbols only for MT’s Case 7 and Case 6 UL TX timing when switching to/from DU TX and/or RX.
[bookmark: _Hlk84016887]Proposal 3.3:
MAC-CE signaling of Desired/Provided Guard Symbols is extended to support the following switch types:
· MT TX based on Case 7 UL timing to/from DU RX, and MT TX based on Case 7 UL timing to/from DU TX
· MT TX based on Case 6 UL timing to/from DU RX, and MT TX based on Case 6 UL timing to/from DU TX
3.3 Indication of different timing cases
First, regarding whether an IAB-node is indicated by the parent-node when Case 7 timing is performed at the IAB-node, we note that this is related to the UL RX timing to be used at the IAB-DU. We believe IAB-DU itself should have the flexibility to decide how to set its UL RX timing, and it does not seem necessary (nor justified) for the parent-node to indicate what timing reference to be used on the next hop.
[bookmark: _Hlk84016915]Proposal 3.4: 
An IAB-DU decides about its UL RX timing reference (e.g., whether to adopt Case 1, or Case 7) without any indication from its parent-node. 
Now it remains to discuss how an IAB-MT is indicated, by the parent-node, when to set its UL TX timing in association with any of the Case 1, Case 6, or Case 7 timing. 
Note that Case 6 UL TX timing is to facilitate an enhanced duplexing mode at the IAB-node which is primarily for (MT TX, DU TX), while it can also be used for (MT TX, DU RX). However, Case 7 UL TX timing is to facilitate an enhanced duplexing mode at the parent-node, which is (parent IAB-MT RX, parent IAB-DU RX).
Therefore, at least Case 7 UL TX timing cannot be directly associated with a multiplexing mode of the IAB-node, and IAB-node cannot map it to a subset of its time resources. As a result, it should be explicitly indicated which time resources are associated with Case 7 UL TX timing. 
On the other hand, Case 6 can be associated with a multiplexing mode of the IAB-node, and IAB-node may be able to map it to a subset of its time resources (without any explicit indication). However, it is desired to have a unified design.
[bookmark: _Hlk84016955]Observation 3.4: 
An IAB-MT’s Case 6 UL TX timing is to facilitate enhanced duplexing at the IAB-node, while IAB-MT’s Case 7 UL TX timing is to facilitate enhanced duplexing at the parent-node. 
An IAB-node cannot map Case 7 UL TX timing (of IAB-MT) to any subset of its time resources, without explicit indication from the parent-node.
It is desired to have a unified design for indication of different UL TX timing cases.
Regarding the details of the signaling design, we propose the following.
The IAB-MT is explicitly indicated a mapping between its time resources (with slot-level granularity) to one of {Case 1, Case 6, Case 7}. Then, IAB-MT is expected to adjust its UL TX timing for all UL transmissions within a slot with respect to the associated/indicated timing case.
We also note that the indication received from a serving cell will also be applicable to all other serving cells in the same TAG. 
[bookmark: _Hlk84016998]Proposal 3.5: 
An IAB-MT is provided with Timing Case Indication that explicitly indicates a list of slots and their associated UL TX timing cases (i.e., one of {Case 1, Case 6, Case 7} for each slot). 
Timing Case Indication is provided via MAC-CE.
Proposal 3.6:
Timing Case Indication received from a serving cell is applicable to all other cells in the same timing advance group (TAG).
There is still one aspect which is missing – that is how does the parent-node determine whether the IAB-node needs/desires Case 6 UL TX timing? This is essentially similar to other assistance information that may be provided by the IAB-MT to the parent-node such as: desired guard symbols, desired UL PSD range, desired DL TX power adjustment, recommended/not-preferred MT’s beams, etc.
We note that whether an IAB-node really needs Case 6 timing may be dependent on different factors – for example, it may be needed:
· For some specific MT CC(s), or for some specific pair(s) of (MT CC, DU cell) when there is simultaneous communication on the MT CC and DU cell.
· For some specific multiplexing mode(s): (MT TX, DU TX) and/or (MT TX, DU RX)
· For some specific MT TX beam(s)
· Whether simultaneous MT’s TX and DU’s communications are FDMed or not (i.e., being [partially] overlapping).
[bookmark: _Hlk84017029]Observation 3.5: 
An IAB-MT’s need for Case 6 UL TX timing may depend on:
· MT CC, and/or (MT CC, DU cell) pair
· IAB-node’s multiplexing mode: (MT TX, DU TX) and/or (MT TX, DU RX)
· MT’s TX beam
· Whether MT’s TX is FDMed with DU’s communications or overlaps in the frequency domain.
While, ideally, indication of desired Case 6 timing can be associated with any combination of the above factors, we propose the following to balance the signalling overhead. 

[bookmark: _Hlk84017069]Proposal 3.7:
IAB-MT indicates, to its parent-node, whether it desires Case 6 UL TX timing, for a given MT CC, to facilitate simultaneous IAB-MT’s TX and IAB-DU’s TX and/or RX. 
· FFS: whether this indication can further be beam specific.
· FFS: whether this indication can further depend on whether IAB-MT’s TX is FDMed with IAB-DU’s communications or not.
4. Beam management 
RAN1 #106-e agreed to the following,
	Agreement
Spatial domain restrictions from a parent node or recommendations from a child node is limited to a subset of time resources in which simultaneous operation is applied.
· FFS: Handling of frequency resources in case of FDM operation
· FFS: Support for implicit/explicit indication of the simultaneous operation mode

Agreement
The child node indication of recommended beams to the parent node can include both IAB-MT DL beams and/or IAB-MT UL beams.
· FFS: Indication via MAC-CE or UCI transmission
· FFS: Definition of IAB-MT DL beams and/or IAB-MT UL beams (e.g. TCI state ID, Spatial relation information ID, RS ID (including CSI-RS, SRS, SSB, etc.))
· FFS: Whether indication of “not preferred” beams is supported



	Agreement
MAC-CE signaling from a parent node is supported for indication of beams of an IAB-DU in the direction of which simultaneous operation is restricted
· FFS: Details of beam indication (e.g. TCI state ID, Spatial relation information ID, RS ID (including CSI-RS, SRS, SSB, etc.))
· FFS: Applicability to other beams



The following list summarizes the remaining aspects related to the beam management:
· Signalling design for the indication of recommend and/or not-preferred IAB-MT’s beam(s) (from IAB-MT to parent-node)
· Signalling design for the indication of restricted IAB-DU’s beam(s) (from parent-node to IAB-node)
4.1 Signalling of the recommended and/or not-preferred IAB-MT’s beam(s)
There are a few aspects regarding the signalling design for the indication of IAB-MT’s beam recommendation. 
Indication of not-preferred beams?
It is FFS whether the indication of no-preferred beams is supported. We believe supporting such an indication will provide a more flexible and sometimes more efficient way to assist the parent-node. In one specific example, we note that an IAB-node may occasionally (or for some specific beam directions) not be able to support an enhanced multiplexing mode of operation. It is desired for the IAB-node to be able to provide such an indication (via “not-preferred” beam(s)) to the parent-node. In one extreme case, an enhanced multiplexing mode of operation may not be supported for any of the one or multiple MT’s beam(s) at a given time. In this case, the IAB-node should be able to indicate it needs to fall back to TDM-based operation. Being able to indicate “not-preferred” beam(s) can effectively provide a fall-back indication too. 
[bookmark: _Hlk84017094]Observation 4.1:
Indication of “not-preferred” IAB-MT’s beam(s) (in addition or instead of recommended beam(s)) may provide more efficient and flexible assistance information. It can also effectively be used to indicate required fallback to TDMing, when an enhanced multiplexing mode of operation is not supported.
Proposal 4.1:
Further support indication of not-preferred IAB-MT’s beam(s) (for both TX and RX) to the parent-node.
Association between the indicated assistance information and time resources?
The indication of recommended and/or not-preferred IAB-MT’s beam is to facilitate any of the enhanced multiplexing modes at the IAB-node. More specifically, IAB-MT may have different recommendations for different multiplexing modes. Hence, it is necessary for the parent-node to know when a recommended/not-preferred beam is applicable. 
[bookmark: _Hlk84017126]Observation 4.2:
The parent-node should further be provided with information about the resources for which indicated recommended/not-preferred beam(s) are applicable.
To provide this information, the IAB-MT should either indicate an explicit set of time resources (e.g., at the granularity of slot level), or the IAB-MT may associate the indicated beams to a multiplexing mode and/or other related configurations. More specially, the desire of an IAB-node (about recommended/not-preferred IAB-MT’s beam(s)) may depend on any of the following factors:
· MT’s CC and/or (MT CC, DU cell) pair with simultaneous communications
· Multiplexing mode of the IAB-node: (MT RX, DU RX), (MT TX, DU TX), (MT TX, DU RX), (MT RX, DU TX).
· Whether the concurrent MT’s and DU’s communications are FDMed or not (i.e., being [partially] overlapping in the frequency domain)
We believe explicit indication of time resources may lead to a large signaling overhead, and it is more efficient to associate the indicated beams to the relative configurations. 

[bookmark: _Hlk84017144]Proposal 4.2:
The recommended and/or not-preferred IAB-MT’s beam(s), indicated by the IAB-MT to its parent-node, can be provided for:
· A specific multiplexing mode – i.e., (MT RX, DU RX), (MT TX, DU TX), (MT RX, DU TX), (MT TX, DU RX)
· A given (MT CC, DU cell) pair
· The cases where concurrent MT’s and DU’s communications are FDMed or overlap in the frequency domain. 
The indication is provided via MAC-CE.
We further propose that the beam indications to be based on TCI state IDs (for MT’s DL RX beams), and SRI IDs (for MT’s UL TX beams).
[bookmark: _Hlk84017166]Proposal 4.3:
The recommended and/or not-preferred IAB-MT’s beam(s) are indicated based on IAB-MT’s TCI state IDs (for DL RX beam(s)), and SRI IDs (for UL TX beam(s)).
4.2 Signalling of the IAB-DU’s restricted beam(s)
The purpose of this indication by the parent-node is to facilitate enhanced multiplexing modes via limiting the potential negative impact of IAB-DU’s transmission on the IAB-MT’s and/or parent-node’s communications. Therefore, this restriction should be applicable only to the IAB-DU’s TX beams (and not RX beams).  
[bookmark: _Hlk84017193]Proposal 4.4:
The indication of the restricted IAB-DU’s beam(s), provided by the parent-node to the IAB-MT, is only applicable to the IAB-DU’s DL TX beams.
Next, we should determine how this beam indication is provided – i.e., how a parent-node refers to a beam at the IAB-DU. The parent-node may already know about the IAB-DU’s SSB TX configurations (STC) and CSI-RS configuration. This information is provided optionally by the CU over F1 interface and can also serve as a reference for IAB-DU’s beam indication in the above context. However, the IAB-DU may have multiple (up to 5) STCs and may adopt different beamforming configurations for the SSBs associated with different STCs. Different STCs may indeed have different number and location of SSBs within a burst set. Hence, when referring to an SSB index, it should further be clarified which IAB-DU’s STC it is associated with.
[bookmark: _Hlk84017207] Observation 4.1:
The parent-node may know about the IAB-DU’s STC and CSI-RS configurations and use them a reference to indicate IAB-DU’s beam(s).
Different IAB-DU’s STCs may be associated with different beamforming configurations. 
Proposal 4.5:
The indication of the restricted IAB-DU’s beam(s), provided by the parent-node to the IAB-MT, is via referring to any of the following
· IAB-DU’s CSI-RS resource indices
· IAB-DU’s SSB and STC indices
The indication of the restricted IAB-DU’s beams, provided by the parent-node, should further be associated with some specific time resources and/or multiplexing modes. Hence, the question is whether this indication is accompanied with an explicit indication of associated time resources, or it is associated with a multiplexing mode and possibly other parameters. We propose the latter, due to a larger signaling overhead of the former option. We further propose for this indication to support different MT’s spatial configurations. 
[bookmark: _Hlk84017234]Proposal 4.6:
The restricted IAB-DU’s beam(s), indicated by the parent-node to the IAB-MT, can be provided for:
· A specific multiplexing mode – i.e., (MT TX, DU TX), (MT RX, DU TX)
· A given MT’s TX/RX beam
· A given (MT CC, DU cell) pair
· The cases where concurrent MT’s and DU’s communications are FDMed or overlap in the frequency domain. 
Finally, we note that although an IAB-node may be provided with such an indication of restricted IAB-DU’s beams, it may not be able to follow such a restriction. Simply because IAB-DU may not have any other option to serve a child-node, on a restricted beam direction, with a required/desired performance or quality. For example, it may not have sufficient resources available to serve the child-node’s critical traffic. It should also be noted that when a resource is given as HARD to an IAB-DU, by definition, the IAB-DU scheduler is guaranteed to have the flexibility of using this resource, and the parent-node cannot/should not impose further restrictions. Hence, the indication of the restricted IAB-DU’s beams should be considered as a recommendation from the parent-node without any mandated behavior at the IAB-DU. 
[bookmark: _Hlk84017267]Proposal 4.7:
The indication of the restricted IAB-DU’s beam(s), provided by the parent-node, is considered as a recommendation, without any mandated behavior at the IAB-DU, at least for the IAB-DU’s HARD resources.
· FFS: expected behaviour of the IAB-DU regarding the indication of restricted beams within its SOFT resources.
5. Multi-parent support for IAB in Rel-17
5.1 Supporting TDD conflict resolution for NR-DC
The following agreements have been made in RAN1-106e [2] regarding TDD confliction resolution for NR-DC in IAB-network.  
	Agreement
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
The IAB-donor-CU can be made aware of the IAB-MT’s capability regarding simultaneous transmission and reception on multiple serving cells in a frequency band, configured by the two parent nodes in intra-donor DC scenarios.

Agreement
To support extension of CA TDD prioritization rules to NR-DC, the following resource coordination mechanisms between parents/donors are supported:
· For intra-donor and inter-donor DC scenarios, in addition to coordination at the donor CU(s), a parent-node can be made aware of the DU resource configuration (UL/DL/FL, H/S/NA) of the other peer parent node that connects to the same IAB-node.
· For intra-donor and inter-donor DC scenarios, coordinating the semi-static and/or cell-common higher layer configuration (e.g. SSB, CORESET 0, and RACH and configurations) from/for different parent nodes.

Agreement
Select from the following alternatives 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
· Alt. 6. The IAB-MT is expected to operate according to the non-flexible configuration.

Agreement
Select from the following alternatives 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. 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
· Alt. 5: If a conflict occurs, the IAB MT is expected to perform as scheduled by MCG
· FFS: Consideration of the impact of parent node’s H/S/NA when specifying the prioritization rules in case of UL/DL conflict



Firstly, we can see that with the agreed resource (H/S/NA and DL/UL/F) coordination between donor-CUs and parent nodes, the TDD confliction avoidance is achievable for NR-DC by donor-CU(s) and/or parents with mechanisms, such as aligned TDD configuration, orthogonal H/S/NA resources configured among parents, and/or constrained scheduling applied at each parent node on flexible resources etc., at potential cost of resource utilization depending on the implementation. 
Among two down selection options in case of flexible resources, the Alt1 is to do confliction avoidance, which implies strict constraints on configuration and scheduling; while Alt5/6 allows for confliction and specifies the resolution in case of confliction. To ensure acceptable system performance, confliction in Alt5/6 should not happen frequently, which means that confliction avoidance schemes similar to Alt1 should also be applied in Alt5/6 for most of time. In this sense, the option Alt1 vs. Alt5/6 may not make big difference. One minor advantage that Alt5/6 may offer comparing with Alt1 is that they specify the winning entity in case of confliction, which can be useful for confliction avoidance for NR-DC with two independent schedulers. In Alt1 without specifying the winning entity, both parents may take conservation step for confliction avoidance, e.g. both parent may avoid any TX/RX at overlapping flexible resources; while in Alt5/6 with winning entity specified, only the non-winning entity needs to avoid TX/RX. 
[bookmark: _Hlk84017317]Proposal 5.1:
Support Alt5/6 for TDD confliction resolution, which may have slightly advantage and flexibility over Alt1. 
Regarding the impact of parent node’s H/S/NA when specifying TDD prioritization rules, by configuring NA resources as flexible and applying SFI tools to cancel semi-static channel allocation, the existing CA TDD prioritization rules are still applicable to IAB-network without changes.       
5.2 Per-BH-link resource configuration.
RAN1-106e had the following conclusion:
	Conclusion
Decide in RAN1#106bis-e whether the parent IAB DUs of a DC connected IAB node can have per-backhaul-link resource configurations.
· FFS: whether the per-backhaul-link configuration is provided to the dual-connected IAB node.



In Rel-16, the H/S/NA resource configuration is configured for an IAB-node per DU-cell, and a parent node is also provided with the resource configurations of all its child nodes. With this knowledge, a parent node can effectively determine child-link-specific resource patterns among different child links to some extend. But this approach may not be flexible because it depends on the resource configurations of the child nodes. In certain cases, it may not be able to provide desired link-specific resource patterns:
· One example in multi-parent case with NR-DC as shown in Fig.6, where two parents with same DU-cell resource config need to provide TDMed Hard resources to a dual-connected child node IAB0. 
· In this case, the Rel-16 approach with per-DU-cell resource configuration together with knowledge of child’s configuration cannot generate different H/S/NA resource patterns for two parent links unless one of the parents changes its DU-cell resource configuration as shown in approach2, which will impact resource patterns for other child nodes and the grandchild nodes with a lot of signalling overhead. 
· If per-BH-link resource configuration can be supported as shown by Approach1, each parent can keep the existing DU-cell resource configuration and just uses the per-BH-link configuration signalling to override the resource pattern for the child link with the dual-connected IAB0.
· Another example is for interference management. An IAB-node may be constrained to operate within a fraction of its hard resources for one specific child IAB-MT due to inter-cell interference. The Per-BH link resource config can override the existing DU-cell configuration for this specific child link without impacting other child nodes.         
[image: ]
Fig.6 Example of Per-BH-link resource configuration to reduce signaling overhead  
[bookmark: _Hlk84017350]Observation 5.1
Per-BH link resource config allows an IAB-node to override its Rel-16 DU-cell config for a specified child BH link without impacting to other child nodes, and it is more flexible than Rel-16 approach using per DU-cell config together with knowledge of child’s config.
Regarding the FFS item on whether the per-BH-link resource configuration should be provided to the dual-connected child node, we think that it may not be needed in the same way as for the case of single parent. If the intention is for the purpose of confliction resolution in multi-parent, the discussion can be deferred after agreement of TDD prioritization rules to see whether the rules require knowledge of parent’s H/S/NA resource pattern for NR-DC.        
[bookmark: _Hlk84017367]Proposal 5.2
Support per-BH-link resource configuration.
· Defer the discussion on whether the configuration shall be provided to the dual-connected child node after agreement of TDD prioritization rules. 
6. Conclusion
This contribution provided our view on the IAB resource management framework in the context of the Rel-17 IAB WID . The following observations and proposals were made:
Proposal 2.1:
Support Rel-17 frequency-domain H/S/NA configuration to provide time-varying frequency-domain H/S/NA pattern over a number of slots.
Proposal 2.2:
Support Rel-17 frequency-domain H/S/NA configuration by extending the gNB-DU cell resource configuration IE used by the Rel-16 time-domain configuration to the granularity of an RB set, where selected slots and RB sets can be optionally specified.
Proposal 2.3:
For the size of an RB set, support additional candidate values of {96,128,160} to the agreed list of {2,4,8,16,32,64} so that it can be sufficient to configure 2 or 3 RB sets for a max carrier bandwidth.
Observation 2.1
For supporting soft resource availability in frequency-domain, 
· Alt1 is more flexible than Alt3 in that it can dynamically indicate availability of all or a subset of RB sets to the child node based on applicability of simultaneous operation mode and FDM requirement.
· Alt1 has less over-the-air signaling overhead than Alt2.   
Proposal 2.4:
Support Alt1 with a single DCI format 2_5 to indicate availability for multiple RB sets corresponding to the same time resource of the child IAB-DU cell.
Proposal 2.5:
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. 
· E.g. replacing “soft DL/UL/Flexible symbols” with “soft resources in DL/UL/Flexible symbols”
Observation 3.1:
For a supported simultaneous operation mode at an IAB-node, the assistant information on whether FDM is required or not can be beneficial 
· for the donor-DU to determine more efficient H/S/NA resource pattern,
· for the parent node to make more optimized decision on coordinating soft resources with its child node.
Proposal 3.1: 
Support indication of whether FDM is required or not for a simultaneous operation mode to donor-CU and/or parent node.
Proposal 3.2: 

Support dynamic indication by the IAB-node to its parent-node to indicate applicability of simultaneous operation modes.
· FFS: indicated in the same signaling for required conditions. 
· FFS: support of dynamic overriding Rel-16 time-domain configuration by Rel-17 frequency-domain configuration based on indication of applicability of simultaneous operation modes.

Observation 3.2:
Rel-17 supports quite a few new types of switching across combinations of MT/DU timing cases, and MT/DU multiplexing modes.
Each switch type may require a different number of guard symbols. However, supporting an indication of desired/provided guard symbols for all switch types will lead to a large signaling overhead.
Observation 3.3:
To support extension of Desired/Provided Guard Symbols to a new UL RX timing at a DU (based on Case 7) will further require providing the parent-node if/when the IAB-DU adopts Case 7 UL RX timing. This is not justified, due to its large signaling overhead, and questionable benefit.
Proposal 3.3:
MAC-CE signaling of Desired/Provided Guard Symbols is extended to support the following switch types:
· MT TX based on Case 7 UL timing to/from DU RX, and MT TX based on Case 7 UL timing to/from DU TX
· MT TX based on Case 6 UL timing to/from DU RX, and MT TX based on Case 6 UL timing to/from DU TX
Proposal 3.4: 
An IAB-DU decides about its UL RX timing reference (e.g., whether to adopt Case 1, or Case 7) without any indication from its parent-node.
Observation 3.4: 
An IAB-MT’s Case 6 UL TX timing is to facilitate enhanced duplexing at the IAB-node, while IAB-MT’s Case 7 UL TX timing is to facilitate enhanced duplexing at the parent-node. 
An IAB-node cannot map Case 7 UL TX timing (of IAB-MT) to any subset of its time resources, without explicit indication from the parent-node.
It is desired to have a unified design for indication of different UL TX timing cases.
Proposal 3.5: 
An IAB-MT is provided with Timing Case Indication that explicitly indicates a list of slots and their associated UL TX timing cases (i.e., one of {Case 1, Case 6, Case 7} for each slot). 
Timing Case Indication is provided via MAC-CE.
Proposal 3.6:
Timing Case Indication received from a serving cell is applicable to all other cells in the same timing advance group (TAG).
Observation 3.5: 
An IAB-MT’s need for Case 6 UL TX timing may depend on:
· MT CC, and/or (MT CC, DU cell) pair
· IAB-node’s multiplexing mode: (MT TX, DU TX) and/or (MT TX, DU RX)
· MT’s TX beam
· Whether MT’s TX is FDMed with DU’s communications or overlaps in the frequency domain.
Proposal 3.7:
IAB-MT indicates, to its parent-node, whether it desires Case 6 UL TX timing, for a given MT CC, to facilitate simultaneous IAB-MT’s TX and IAB-DU’s TX and/or RX. 
· FFS: whether this indication can further be beam specific.
· FFS: whether this indication can further depend on whether IAB-MT’s TX is FDMed with IAB-DU’s communications or not.

Observation 4.1:
Indication of “not-preferred” IAB-MT’s beam(s) (in addition or instead of recommended beam(s)) may provide more efficient and flexible assistance information. It can also effectively be used to indicate required fallback to TDMing, when an enhanced multiplexing mode of operation is not supported.
Proposal 4.1:
Further support indication of not-preferred IAB-MT’s beam(s) (for both TX and RX) to the parent-node.
Observation 4.2:
The parent-node should further be provided with information about the resources for which indicated recommended/not-preferred beam(s) are applicable.
Proposal 4.2:
The recommended and/or not-preferred IAB-MT’s beam(s), indicated by the IAB-MT to its parent-node, can be provided for:
· A specific multiplexing mode – i.e., (MT RX, DU RX), (MT TX, DU TX), (MT RX, DU TX), (MT TX, DU RX)
· A given (MT CC, DU cell) pair
· The cases where concurrent MT’s and DU’s communications are FDMed or overlap in the frequency domain. 
· The indication is provided via MAC-CE.
Proposal 4.3:
The recommended and/or not-preferred IAB-MT’s beam(s) are indicated based on IAB-MT’s TCI state IDs (for DL RX beam(s)), and SRI IDs (for UL TX beam(s)).
Proposal 4.4:
The indication of the restricted IAB-DU’s beam(s), provided by the parent-node to the IAB-MT, is only applicable to the IAB-DU’s DL TX beams.
Observation 4.1:
The parent-node may know about the IAB-DU’s STC and CSI-RS configurations and use them a reference to indicate IAB-DU’s beam(s).
Different IAB-DU’s STCs may be associated with different beamforming configurations. 
Proposal 4.5:
The indication of the restricted IAB-DU’s beam(s), provided by the parent-node to the IAB-MT, is via referring to any of the following
· IAB-DU’s CSI-RS resource indices
· IAB-DU’s SSB and STC indices
Proposal 4.6:
The restricted IAB-DU’s beam(s), indicated by the parent-node to the IAB-MT, can be provided for:
· A specific multiplexing mode – i.e., (MT TX, DU TX), (MT RX, DU TX)
· A given MT’s TX/RX beam
· A given (MT CC, DU cell) pair
· The cases where concurrent MT’s and DU’s communications are FDMed or overlap in the frequency domain.
Proposal 4.7:
The indication of the restricted IAB-DU’s beam(s), provided by the parent-node, is considered as a recommendation, without any mandated behavior at the IAB-DU, at least for the IAB-DU’s HARD resources.
· FFS: expected behaviour of the IAB-DU regarding the indication of restricted beams within its SOFT resources.
Proposal 5.1:
Support Alt5/6 for TDD confliction resolution, which may have slightly advantage and flexibility over Alt1.
Observation 5.1
Per-BH link resource config allows an IAB-node to override its Rel-16 DU-cell config for a specified child BH link without impacting to other child nodes, and it is more flexible than Rel-16 approach using per DU-cell config together with knowledge of child’s config.
Proposal 5.2
Support per-BH-link resource configuration.
· Defer the discussion on whether the configuration shall be provided to the dual-connected child node after agreement of TDD prioritization rules.
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Table 14-3: Mapping between values of resourceAvailability elements and types of soft symbel resource availability in a slot

Value Indication
0 No indication of availability for soft symbelsresources in all symbols
4 Blseftsymbels Soft resources in DL symbols are indicated available
No indication of availability for U-and-Flexible seft symbels-soft resources in UL and flexible symbols
> Ylseftsymbels Soft resources in UL symbols are indicated available
No indication of availability for BLand-Flexible seft symbels-soft resources in DL and flexible symbols
3 BlandUkseftsymbels Soft resources in DL and UL symbols are indicated available
No indication of availability for Flexible-seft symbels-soft resources in flexible symbols
4 Flexible-seftsymbelsSoft resources in Flexible symbols are indicated available
No indication of availability for BLand-Ut-seftsymbels-soft resources in DL and UL symbols
5 Bland-Fexible-seftsymbels-Soft resources in DL and Flexible symbols are indicated available
No indication of availability for YUk-seftsymbels-soft resources in UL symbols
6 Yl-and-Hexible-seftsymbels-Soft resources in UL and Flexible symbols are indicated available
No indication of availability for BLseftsymbels soft resources in DL symbols
; Bl-UkandFlexible-seftsymbels Soft resources in DL, UL, and Flexible symbols are indicated
available
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