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1. Introduction
At the RAN1#96 meeting, the mechanisms for resource multiplexing among backhaul and access links were discussed and following agreements were made [1]. 
	Agreements:
· If a resource is configured as not available, the DU cannot assume it can use the resource 
· In case of hard DU resources, the DU can assume it can use the resource regardless of the MT’s configuration 
· FFS: Exception cases for specific signals/channels to be transmitted or received by the MT in the same resource (e.g. SS/PBCH blocks, SI reception, RACH) 
· In case of soft DU resources: 
· If the soft resource is indicated as available, the DU can assume it can use the resource
· If the soft resource is not indicated as available, the DU cannot assume it can use the resource 
· The use of soft resources at least corresponds to transmission/reception of specific signals and channels (e.g. PDSCH/PUSCH) at the DU 
· FFS the use of soft resources in case of cell-specific (e.g. SS/PBCH blocks, SI reception, RACH) signals and channels to be potentially transmitted/received at the DU
· Both implicit and explicit indication of the availability of soft resources at an IAB node is supported 
· In case of implicit indication of DU soft-resource availability, the IAB node knows that the DU resource can be used without impacting the MTs ability to transmit/receive according to its configuration and scheduling based on indirect means. Examples of such means may include:
· the lack of uplink scheduling grant at the MT
· no data available for MT transmission
· the configured MT search space, 
· configured RS measurement occasions (e.g. SSB/CSI-RS)
· FFS: consider whether the parent should be able to always be aware of/control the outcome of implicit indications at child nodes
· Explicit indication that a resource is available is based on DCI indication. The following options can be considered:
· SFI-like indication via DCI Format 2_0 
· Use of 2 SFI indications (e.g. based on multi-slot scheduling mechanism)
· Define a new DCI format
· Other options are not precluded
· FFS: whether an explicit indication that a resource is available always has priority over any implicit determination of the availability of a resource
· Further consider factors impacting the usage of soft resources at a child DU, including:
· MT’s decoding delay
· Information exchange delay between MT and DU
· DU’s PDSCH preparation time
· UE PUSCH preparation time
· Accumulated delay across hops

Agreements:
· Inter-IAB node conflict resolution can be supported by the following options (to be down-selected) 
· Alt1: the parent node is aware of all of the DU resource configurations (D/U/F/H/S/NA) of its child IAB node DUs, 
· Alt2: the parent node may be made aware of a subset of the DU resource configurations (D/U/F/H/S/NA) of its child IAB node DUs
· FFS: whether the indication of the child DU resources at the parent is via explicit (e.g. F1-AP signaling) or implicit (e.g. based on child MT configuration) means

Agreements:
· Both slot and symbol-level multiplexing of access and backhaul links are supported.



In this contribution, we discuss further on the mechanisms for resource multiplexing among backhaul and access links. 
2. Discussion on mechanisms for resource multiplexing among backhaul and access links
2.1	MT resource configuration and behavior
At the last RAN1 meeting, it was agreed that in case of hard DU resources, the DU can assume it can use the resource regardless of the MT’s configuration (with possibility for some exception cases). The IAB-node MT cannot use the hard DU resource even though it is configured as DL or UL or Flexible in the semi-static resource configuration for the MT. Hence, at least for some specific purpose, the IAB-node MT would need to know the unavailable resource due to collision with DU-available resource. One example is a determination of SSB-to-RACH occasion association [2]. As in Rel-15, SSB-to-RACH occasion association is determined based on actually transmitted SSB indices and valid RACH occasions, and is used for beam management at least during RACH procedure (e.g., gNB determines Tx/Rx beam based on RACH occasion where PRACH is detected). However, if some of “valid RACH occasions” (according to Rel-15 specification) for an IAB-node MT is actually “invalid” due to collision with DU-available resource, the assumed SSB-to-RO association between parent node and the child IAB-node MT may be different, and it is problematic since inappropriate beam would be used for RACH procedure. Another example is a determination of association between PDCCH monitoring occasion and SSB for paging and OSI, as specified in section 7.1 of [3] and in section 5.2.2.3.2 of [4], respectively. Similar to SSB-to-RO association, if an IAB-node MT does not know unavailable PDCCH monitoring occasion due to collision with DU-available resource, an IAB-node MT may monitor inappropriate PDCCH monitoring occasion where parent node uses a Tx beam which is not directed to the IAB-node.
Therefore, we propose that an IAB-node MT should be able to know DU configuration of the IAB-node, and the IAB-node MT should assume MT resource which is indicated as DU-available resource in DU configuration is invalid for determination of resource association with SSB.
Regarding the resource indicated as “soft” in semi-static DU configuration, the availability of the resource for DU is dynamically changed according to explicit and/or implicit indication from parent node. However, we consider that it would be difficult to dynamically update the association with SSB since it will be complicated. Therefore, we propose that the association between SSB and MT resource is determined based only on semi-static configuration, i.e., is not changed dynamically. The resource indicated as “soft” in semi-static DU configuration should be assumed as “invalid” for determination of association with SSB since the resource may be unavailable for MT at least some time.
Proposal 1: An IAB-node MT should be able to know DU configuration of the IAB-node.
· The IAB-node MT should assume that MT resource which is not indicated as “NA” resource in DU semi-static configuration is invalid to determine association with SSB such as SSB-to-RO association for RACH and SSB to PDCCH MO association for OSI/paging.


2.2	Semi-static resource configuration for DU
For IAB-node MT, the semi-static resource configuration such as TDD UL DL configuration for access UE can be reused. However, for IAB-node DU, there are seven resource types (DL-H, DL-S, UL-H, UL-S, F-H, F-S, NA) and hence the existing semi-static resource configuration signaling (i.e., TDD-UL-DL-Config) cannot be reused without modification for IAB-node DU.
Nevertheless, we consider that the semi-static resource configuration signaling for IAB-node DU should be based on the existing resource configuration signaling, such as the structure of TDD-UL-DL-ConfigDedicated. Hence, how to indicate “Hard or Soft” for DL/UL/Flexible resource and “NA” resources in TDD-UL-DL-SlotConfig can be considered. In Rel-15 TDD-UL-DL-SlotConfig, the indication of DL/UL/Flexible resources has a symbol-level flexibility with restriction on an order of resource types, i.e., DL resource (if any) has to be located before Flexible/UL resource (if any) within a slot, and UL resource (if any) has to be located after DL/Flexible resource (if any) within a slot. For IAB-node DU resource configuration, the indication granularity and the order of resource types need to be decided. At the last RAN1 meeting, it was agreed that both slot and symbol-level multiplexing of access and backhaul links are supported. Hence, we can consider following alternatives.
· Alt.1
· The indication granularity of “Hard or Soft” and/or “NA” is for each of DL/UL/Flexible types within a slot.
· The indication of “Hard or Soft” for DL resource is applied to all DL resources within a slot.
· The indication of “Hard or Soft” for UL resource is applied to all UL resources within a slot.
· The indication of “Hard or Soft” for Flexible resource is applied to all Flexible resources within a slot.
· The indication of “NA” is applied to all DL resources and/or all UL resources within a slot.
· Alt.2
· The indication granularity of “Hard or Soft” and/or “NA” is symbol level.
· The order of resource types within a slot is defined, e.g., NA, DL-S, DL-H, FL-H/S, UL-H, UL-S, NA.
· The number of symbols for each of NA(front), DL-S, DL-H is indicated as number of symbols from the beginning of the slot.
· The number of symbols for each of NA(end), UL-S, UL-H is indicated as number of symbols from the end of the slot.
· For Flexible resources within a slot, the indication of “Hard or Soft” is applied to all Flexible resources within a slot.
In Alt.1, the backhaul link and access link can be multiplexed within a slot. For example, first N symbols (‘DL’ symbols) within a slot can be configured as NA e.g., for monitoring PDCCH from the parent IAB-node, and following symbols within the slot (‘Flexible’ and/or ‘UL’ symbols) can be used for either backhaul link or access link. It means that up to three resource types among seven DU resource types can be multiplexed within a slot by using Alt.1. However, more than three resource types cannot be multiplexed within a slot.
In Alt.2, NA, Soft and Hard types for each of DL/UL can be multiplexed within a slot with restriction on the order of resource types. Up to seven resource types can be multiplexed within a slot by using Alt.2. Resource configuration flexibility beyond this alternative would not be necessary. 
We propose to specify the semi-static resource configuration signaling for IAB-node DU based on the structure of existing TDD-UL-DL-ConfigDedicated with minimizing modification, and propose to down-select detailed modification from above two alternatives. We slightly prefer Alt.1 considering that multiplexing of different resource types within a slot with finer granularity (i.e., multiple resource type switching within a slot) is not beneficial in terms of switching gap overhead.
Proposal 2: NR IAB supports the semi-static resource configuration signalling for IAB-node DU based on the existing TDD-UL-DL-ConfigDedicated with following modification.
· For each resource type (DL/UL/Flexible) in each slot, “Hard or Soft or NA” is indicated.

At the last meeting, whether the configuration is per-link or per-DU was FFS. We think that semi-static DU resource configuration can be different between different child nodes associated with the same parent node. In addition, if CA is used for child access link, the semi-static DU resource configuration can be different between CCs especially in case of inter-band CA. Therefore, the semi-static DU resource configuration should be provided per child DU and per CC.


2.2	Dynamic indication of the availability of soft resources
For DU “Soft” resources, the availability for DU child link is indicated by the parent node. Both implicit and explicit dynamic indication were agreed to be supported at the last RAN1 meeting. In this subsection, detailed mechanism for dynamic indication of soft resource availability is discussed.
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]For implicit indication, IAB node determines availability of soft DU resources according to its configuration and scheduling.  For example, a simplest way is to follow the scheduling grant from the parent node. For a soft resource that is semi-statistically configured, if DL reception or UL transmission is scheduled for the resource by the parent node, the resource is used for parent BH link and is not available for DU child link. At the last meeting, whether the parent node should always be aware of or control the outcome of implicit indications at child nodes was FFS. We do not think it is necessary to let parent node be aware of outcome of implicit indications as the benefit is not clear. At the last meeting, default assumption of INA at DU was agreed, i.e., a soft resource can be used by DU only when IA is indicated, and the DU cannot assume it can use the resource if the soft resource is not indicated as available. Hence, no significant problem would be caused by DU, and no special handling is needed for parent node to be aware of/control the outcome of implicit indications at child node. In addition, if IAB node needs to inform its parent node about outcome of implicit indication, additional signaling overhead will be introduced and processing time and delay should be considered. Thus, in our view, parent node does not need to be aware of the outcome of implicit indication.
Proposal 3: Parent node does not need to be aware of the outcome of implicit indications at child nodes.

[bookmark: OLE_LINK5][bookmark: OLE_LINK6]For explicit indication of availability, DCI based indication was agreed at the last meeting and the following options were discussed.
· [bookmark: OLE_LINK16][bookmark: OLE_LINK17][bookmark: OLE_LINK10][bookmark: OLE_LINK11]Alt.1: SFI-like indication via DCI Format 2_0 
· Alt.2: Use of 2 SFI indications for parent link and child link respectively
· Alt.3: Define a new DCI format
Regarding dynamic resource indication for resource configured as flexible in semi-static configuration, we note that dynamic indication of link direction for IAB-node MT flexible resource could be supported by using DCI format 2-0 in Rel-15. It also occurs to us whether dynamic indication of link direction is needed for DU flexible resource. Considering that the link direction of DU flexible resource can be decided by IAB-node DU scheduler according to child link traffic and centralized management of resources may cause additional overhead and delay, dynamic indication of DU link direction from parent node may not be needed. Thus Alt.2 is not preferred. Hence, we can focus on dynamic indication for following information.
· link direction for MT’s flexible resource (supported by DCI format 2-0 in Rel-15)
· availability of DU’s soft resource
To support the dynamic indication of above information, both joint indication of two information and separate indication of each information can be considered as possible mechanisms. Alt. 1 of SFI-like indication via DCI format 2_0 can be regarded as a joint indication method. For Alt. 1, there are two sub-options as follows.
· Alt.1: SFI-like indication via DCI Format 2_0 
· Alt.1-1: reuse DCI format 2-0 and use reserved entries (56-254) in current slot format table to indicate the availability of DU soft resource together with link direction for MT resource
· Alt.1-2: reuse DCI format 2-0 and enhance slotFormats in slotFormatCombination with 2-bit per symbol to directly indicate one out of MT-D/MT-U/MT-F/DU-A
In Rel-15, slot format is indicated by DCI format 2-0 and the indices from 56 to 254 are reserved. Hence, a possible mechanism of Alt.1, i.e., Alt.1-1, is to reuse DCI format 2_0 and to use those reserved indices to indicate new slot formats including MT-D/MT-U/MT-F/DU-A, where MT-D/U/F indicates a symbol used by MT while DU-A indicates a symbol available for DU. However, due to limited number of reserved indices, the design of new slot formats should be carefully studied/selected. For example, current existing slot formats should be taken as baseline, and new entries can be added by substituting some symbols with the new type ‘DU-A’. In addition, due to limited number of reserved entries, supporting only some fixed pattern of DU available resources can be considered, e.g. fixed number or fixed location of ‘DU-A’.
[bookmark: _Hlk866493]The other possible mechanism of Alt.1, i.e., Alt.1-2, is to use 2-bit to directly indicate one out of MT-D/MT-U/MT-F/DU-A for a symbol for slotFormats in slotFormatCombination. Instead of indicating entry index in slot format table, flexible slot format indication can be considered. In this Alt.1-2, higher flexibility can be achieved at the cost of larger RRC signaling overhead. To reduce the overhead, symbol group can be configured additionally and the symbols within a symbol group could share the same configuration of MT-D/MT-U/MT-F/DU-A. In addition, instead of indicating one out of MT-D/MT-U/MT-F/DU-A for all the symbols in a slot using slotFormats, indication only for symbols of MT flexible resource(s) and DU soft resource(s) in a slot using slotFormats can also be considered.
[bookmark: OLE_LINK24][bookmark: OLE_LINK25][bookmark: OLE_LINK20]The above mechanisms jointly indicate link direction for MT resource and availability of DU soft resource. Since indication of link direction for MT resource can follow Rel-15 mechanism, a separate indication of DU soft resources can also be considered. In that case, Alt.3 can be used, where a new DCI format, e.g., a bitmap with each bit indicating IA/INA for a symbol, can be used to indicate availability of DU soft resource. In Alt. 3, a new DCI format needs to be defined and an IAB node may need to detect two DCIs, i.e., both legacy DCI format 2-0 and the new DCI format for correct slot format determination.
To summarize, for explicit indication of soft resources availability, SFI-like indication via DCI format 2-0 to jointly indicate MT’s link direction and DU’s soft resource availability as well as new DCI format with bitmap to separately indicate soft resource availability can be considered. SFI-like indication is slightly preferred.
[bookmark: OLE_LINK26][bookmark: OLE_LINK30][bookmark: OLE_LINK31]Proposal 4: For explicit indication of soft resource availability, SFI-like indication via DCI format 2-0 for joint indication with MT’s link direction and new DCI format for separate indication from MT’s link direction can be considered.

[bookmark: OLE_LINK12][bookmark: OLE_LINK13]Since both implicit and explicit indication of availability of soft resources are supported, another important issue is whether explicit or implicit indication has the higher priority when collision occurs. As discussed above, a soft resource can be used by DU only when IA is indicated. The DU cannot assume it can use the resource if the soft resource is not indicated as available. Thus, if collision happens between implicit and explicit indication, e.g. implicit indication of IA and explicit indication of INA, or implicit indication of INA and explicit indication of IA, indication of INA should always have higher priority.
[bookmark: OLE_LINK14]Proposal 5: In case of collision between explicit and implicit indication, indication of INA should be prioritized.

3. Conclusion
In this contribution, we discussed on the mechanisms for resource multiplexing among backhaul and access links. Based on the discussion, we made following proposals.
Proposal 1: An IAB-node MT should be able to know DU configuration of the IAB-node.
· The IAB-node MT should assume that MT resource which is not indicated as “NA” resource in DU semi-static configuration is invalid to determine association with SSB such as SSB-to-RO association for RACH and SSB to PDCCH MO association for OSI/paging.
Proposal 2: NR IAB supports the semi-static resource configuration signalling for IAB-node DU based on the existing TDD-UL-DL-ConfigDedicated with following modification.
· For each resource type (DL/UL/Flexible) in each slot, “Hard or Soft or NA” is indicated.
Proposal 3: Parent node does not need to be aware of the outcome of implicit indications at child nodes.
Proposal 4: For explicit indication of soft resource availability, SFI-like indication via DCI format 2-0 for joint indication with MT’s link direction and new DCI format for separate indication from MT’s link direction can be considered.
Proposal 5: In case of collision between explicit and implicit indication, indication of INA should be prioritized.
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