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Introduction
In RAN1#96, the following agreements on IAB resource multiplexing were reached [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.
Proposals:
· Define additional SFIs for IAB in Rel-16 which support patterns which begin with uplink slots, uplink symbols, or flexible symbols.




In this contribution, we discuss more details on DU configurations, and the interaction between MT and DU in respect of different DU configurations. 
DU configurations
The reason for introducing DU resource configuration, including Hard/soft configuration, is to enable intra-IAB-node MT/DU coordination in-light of IAB-node half-duplex constraints and possible constraints on the simultaneous transmission or reception, e.g. in form of SDM, at the MT and DU(s) of an IAB node.
From this one can conclude that the DU configuration does not need to be link specific, i.e., specific for each UE and child node being served by the DU.
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However, a DU may correspond to multiple cells, including cells operating on different carrier frequencies, and in the general case the D/U/F/N configuration could be different for different cells of the DU. The configuration should thus be cell specific rather than DU specific. 
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Intra-IAB interaction
The intra-IAB interaction is with respect to the MT and DU parts of the same IAB node. Generally, a hard DU resource implies that the DU has priority over the MT, i.e., DU can use the resource regardless of the impact on the ability of the MT to transmit/receive. Likewise, a soft DU resource implies that the MT has priority over the DU, i.e., the DU can use the resource if and only if this does not impact the ability of the MT to transmit/receive according to its configuration. 
This is at least true for PDSCH/PDCCH transmissions and PUSCH/PUCCH reception while, as indicated in the RAN1#96 agreements cited above, the DU/MT interaction is FFS for specific channels/signals such as SSB/SI and RACH. Below we discuss these FFSs with regard to hard and soft DU resources.
Hard DU resource
Relation to RACH/SR transmission 
Even if a certain DU resource is configured as hard, this obviously does not imply that the IAB node must use the resource. Rather, PDSCH/PDCCH transmission or reception of PUSCH/PUCCH transmission on a hard DU resource is an IAB-internal decision. 
At the same time, the decision to transmit PRACH at a certain configured RACH occasion or to transmit SR in a SR resource is also an IAB-internal decision.  
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Relation to SI/SSB/CSI-RS reception
The situation is similar for SI/SSB/CSI-RS reception at the MT. An IAB node does typically not have to receive every SSB/CSI-RS transmission nor every SI transmission. Rather, the IAB node should fulfil certain requirements in terms of receiving at least one or a subset of SSBs/CSI-RS or SIs within certain time interval. If an IAB node cannot fulfil such requirements with other available MT resources, the IAB node may have to use resources corresponding to hard DU resources. However, once again this is an IAB-internal decision. 
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Relation to SRS transmission
The hard DU resource can have higher priority over the SRS transmission at the MT side, i.e., the configured SRS may not be transmitted by the child IAB MT if it coincides with the child IAB’s hard DU resource. For periodic SRS transmission which is configured by the donor CU, the donor CU can avoid configuring hard DU resources at all or part of occasions for SRS transmission. Since the periodic SRS can be overruled by, for example, SFI indicating an opposite transmission direction, the impact of missing some of those reference signals is already considered in Rel-15. Similarly, in the IAB scenario the periodic SRS transmission can be overruled by the hard DU resource in IAB network. With the awareness of child DU configurations, the parent node would not expect SRS transmission with respect to the hard DU resources of the child node. For semi-persistent and aperiodic SRS which is triggered by the parent node, the parent node can avoid scheduling SRS transmission coinciding with hard child DU resources as long as the parent node knows the child DU configurations (as described in 4.4). 
[bookmark: _Toc4501354][bookmark: _Toc4502224][bookmark: _Toc4662351][bookmark: _Toc4662376][bookmark: _Toc4670728][bookmark: _Toc4674652][bookmark: _Toc4742816][bookmark: _Toc4744512][bookmark: _Toc4746740][bookmark: _Toc4746768][bookmark: _Toc4747314][bookmark: _Toc4225593][bookmark: _Toc4501283][bookmark: _Toc4670729][bookmark: _Toc4674653][bookmark: _Toc4744513][bookmark: _Toc4746741][bookmark: _Toc4746769][bookmark: _Toc4747315][bookmark: _Toc4225594][bookmark: _Toc4497719][bookmark: _Toc4501212][bookmark: _Toc4501252][bookmark: _Toc4501284][bookmark: _Toc3817006][bookmark: _Toc3968957][bookmark: _Toc3969959][bookmark: _Toc4153217][bookmark: _Toc4154819][bookmark: _Toc4225592][bookmark: _Toc4497717][bookmark: _Toc4501210][bookmark: _Toc4501250][bookmark: _Toc4501282][bookmark: _Toc4501356][bookmark: _Toc4502226][bookmark: _Toc4662353][bookmark: _Toc4662378][bookmark: _Toc4670730][bookmark: _Toc4674654][bookmark: _Toc4742818][bookmark: _Toc4744514][bookmark: _Toc4746742][bookmark: _Toc4746770][bookmark: _Toc4747316][bookmark: _Toc4771927][bookmark: _Toc4790778][bookmark: _Toc4793858]If SRS transmission is configured on MT resources coinciding with hard DU resources, the DU can still assume it can use the resource., i.e. the configuration of hard DU resources overrides the configuration of SRS resources at the MT side.
Soft DU resource
The configured SSB transmission, SI transmission and RACH reception at the DU side should be treated as hard resources in the given transmission direction. This means that the SSB/SI transmission can override any DU configuration to be hard DL and the RACH occasions can override any DU configuration to be hard UL. To avoid or reduce possible resource conflicts caused by this overriding, the donor CU may always configure hard DL to DU for SSB/SI transmission occasions and configures hard UL to DU for RACH occasions.
In cases that the MT side is configured to transmit or receive specific signals and channels such as SSB, SI, RACH, CSI-RS or SRS while the DU side is configured with SSB/SI transmission or RACH reception the same rules as described in the previous sub-section for hard DU resources would be applicable.
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Inter-IAB interaction
The inter-IAB interaction is between parent DU and child MT, as well as between parent DU and child DU. With respect to resource configurations, the signalling between parent DU and child MT is via lower-layer implicit/explicit indications, whereas the signalling between parent and child DU is via F1-AP or RRC. This section mainly discusses the implementation of such signalling.
Implicit indication
As stated in the agreement about implicit indication, “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”. In this context, the only thing that matters to the parent node is MT’s ability to transmit or receive. The outcome of implicit indication means an IAB-node’s internal decision about the availability of certain resource(s) depending on the impact on the MT’s ability to transmit or receive. Consequently, the parent node does not need to participate in making such a decision nor does it need to be aware of the decision.
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Explicit indication
[bookmark: _Ref4225206]Signaling content
According to the agreement, the soft resource is by default not-available if it is not (implicitly or explicitly) indicated as available. In cases that implicit indication is not detected, explicit indication is needed for notifying the availability of certain soft DU (time-domain) resource, which may be a DL resource, an UL resource, or a Flexible resource. In practice, such explicitly indicated availability is due to the parent node not using a corresponding time-domain resource at the MT side.
However, due to propagation delay, there is timewise misalignment between the resource indicated at the parent DU and the resource perceived at the child MT. Figure 1 shows simple examples illustrating that it is hard for the parent node to know exactly which DU time-domain resource(s) a given (not used) MT resource corresponds to. There are at least three factors impacting that the relation between MT and DU resources that only the IAB node is fully aware of:
· Only the IAB node knows the exact timing alignment relation between different parent and child links, for example, the timing misalignment between DL reception at the MT from a parent node and DL transmission from the DU to a child node. In addition, for DU Flexible resource(s), the timing alignment is not even defined before the IAB node internally decides if the resource will be used for uplink or downlink. 
· Only the IAB node knows if the use of certain MT resource prevents the use of DU resource at all or it only impacts the use of DU resource on certain child links. For example, the IAB node may allow for SDM between MT and DU if simultaneous transmission or reception takes place in different antenna panels. Only the IAB node knows the exact correspondence between links and panels. 
· Only the IAB node knows its capability on switching time, PDSCH preparation time, etc., which affects the available DU resource.
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[bookmark: _Ref4746749]Figure 1: Resource misalignment scenario between parent and child node.

Therefore, we propose that the explicit indication, instead of being a direct indication of availability of a specific DU time-domain resource, is an explicit indication that a specific MT time-domain resource will not be used. Based on this, the IAB node, which is aware of the timing alignment relation between signals being received and/or transmitted by its MT and DU as well as the other factors listed above, can make the appropriated interpretation about availability of a given DU time-domain resource. 
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Signaling format
It has been agreed that the explicit indication is based on DCI carried by PDCCH. Assuming that the explicit indication is about the parent node explicitly informing an IAB node that certain future MT resources at the IAB node will not be used, as proposed above, it is justified to consider the explicit indication as part of SFI since SFI relates to giving certain indication to time-domain resource(s) of MT/UE. 
To cancel the grant-free/periodic signals, such as periodic transmission of UL SRS or DL measurements on CSI-RS, the MT can be disabled by SFI with the opposite transmission direction. For example, the periodic SRS transmission can be overruled by DL SFI, or the periodic CSI-RS measurement can be overruled by UL SFI. However, the semi-statically or dynamically configured MT DL/UL cannot be overridden by Rel-15 SFI resource types, which only contains DL, UL and Flexible.
Therefore, an extension of SFI is needed to add a new resource type, on top of current DL/UL/Flexible, to indicate certain MT resource(s) will be “not-used”..
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Factors impacting soft resources
Factors such as
· MT’s decoding delay
· Information exchange delay between MT and DU
· DU’s PDSCH preparation time
· UE PUSCH preparation time
· Accumulated delay across hops
will impact the timeliness an IAB node can make a decision of the availability of soft resources. If the IAB node cannot make such a decision in time due to the aforementioned delays, it means “the soft resource is not indicated as available”, therefore “the DU cannot assume it can use the resource”. In short, the above factors affect the IAB node’s utilization rate of soft resources, which should be left for implementation.   
[bookmark: _Toc4154815][bookmark: _Toc4225588][bookmark: _Toc4497713][bookmark: _Toc4501206][bookmark: _Toc4501247][bookmark: _Toc4501279][bookmark: _Toc4501351][bookmark: _Toc4502221][bookmark: _Toc4662348][bookmark: _Toc4662373][bookmark: _Toc4674648][bookmark: _Toc4742812][bookmark: _Toc4744508][bookmark: _Toc4746736][bookmark: _Toc4746764][bookmark: _Toc4747310][bookmark: _Toc4790772][bookmark: _Toc4793851]Factors such as MT’s decoding delay, information exchange delay between MT and DU, DU’s PDSCH preparation time, UE PUSCH preparation time, accumulated delay across hops, etc, impact the IAB node’s utilization rate of soft resources, which should be left for implementation.   
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Due to the half-duplexing constraint, the DU configuration impacts and is impacted by the parent link via the MT. Resource conflicts may happen between an IAB node and its parent node when they use their respective configured DU resources. This cannot be completely avoided by the CU, which handles resource allocation among DUs. Since the DU configuration is per-node or per-cell, it is not an efficient CU resource allocation to assign Not-Available to a parent node if one of its multiple child nodes DU is assigned with hard resource(s), which prevents all the other child nodes from using the resource on the parent link. It is more efficient to have the coordination performed locally. To enable such coordination and reduce possible resource conflicts, the DU configuration of an IAB node should be known to the parent DU as it will impact the MT scheduling. Examples of the benefits can be as follows:
· If the IAB DU is configured with hard resources, by knowing the IAB DU configuration, the parent node can avoid scheduling conflicting transmission to/from the MT part of the IAB node. It enables the parent node to distribute its configured resources more efficiently towards different child-node MTs and UEs. 
· If the IAB DU is configured with soft resources, by knowing the IAB DU configuration, the parent node can actively release available resources to the IAB DU via indicating certain MT resource(s) will not be used.
Therefore, it is beneficial if the parent node is aware of all of DU resource configurations of a child IAB node instead of only a subset of its DU resource configurations. The signaling overhead advantage of the latter is not clear since it requires signaling of additional information to index the resource subset in the complete resource configuration.
The provisioning of IAB DU configuration to the parent node should also be done be means of F1-AP messages.
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Conclusion
In this paper we made the following observations:
Observation 1	If a hard DU resource coincides in time with a configured RA occasion or SR resource at the MT side, it is an IAB internal decision whether to transmit PRACH/SR or use the hard DU resource.
Observation 2	An IAB node can internally decide not to schedule transmissions on hard DU resources to instead carry out SI/SSB/CSI-RS reception at the MT side
Observation 3	Factors such as MT’s decoding delay, information exchange delay between MT and DU, DU’s PDSCH preparation time, UE PUSCH preparation time, accumulated delay across hops, etc, impact the IAB node’s utilization rate of soft resources, which should be left for implementation.

Based on the discussion above we propose the following:
Proposal 1	The DU configuration (D/U/F/N and H/S) is not link specific.
Proposal 2	The DU configuration (D/U/F/N and H/S) is cell specific.
Proposal 3	There is no need to explicitly specify priority between the use of hard DU resources vs RACH/SR transmission and/or SI/SSB/CSI-RS reception at the MT
Proposal 4	If SRS transmission is configured on MT resources coinciding with hard DU resources, the DU can still assume it can use the resource., i.e. the configuration of hard DU resources overrides the configuration of SRS resources at the MT side.
Proposal 5	Configuration of SSB/SI transmissions overrides any DU configuration (making it hard DL). Configuration of RACH occasions overrides any DU configuration (making it hard UL).
Proposal 6	The parent node does not need to be aware of/control the outcome of implicit indications at child nodes.
Proposal 7	The content of explicit indication is about the parent node explicitly informing an IAB node that certain future MT resources at the IAB node will not be used. The IAB node can then, internally, conclude on the availability of the corresponding DU soft resource(s).
Proposal 8	Use SFI via DCI Format 2_0 to perform explicit indication with extension of a new resource type indicating certain MT resource(s) will be “not-used”.
Proposal 9	The parent node is aware of all of the DU resource configurations (D/U/F/H/S/NA) of its child IAB node DU(s).
Proposal 10	The indication of the child DU resources at the parent is via F1-AP messages. The details are left to RAN3.
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