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Introduction
This contribution provides some clarifications for IAB resource management and some suggestions to improve the corresponding specifications.
[bookmark: _Hlk32313513]Clarifications on the definition of soft resources in 38.213
Clause 14 in 38.213 [1] addresses the definition of a soft resource for the IAB-DU. As discussed and agreed during the WI [2], a soft resource can be used by the IAB-DU if either the parent node provides an explicit release (through the defined DCI format 2_5) or the node itself makes an implicit determination of availability. The current definition is as follows:
“When a downlink, uplink, or flexible symbol is configured as soft, the IAB-node DU can respectively transmit, receive or either transmit or receive in the symbol only if
-	for the IAB-node MT, ability to transmit or receive by the IAB-node DU in the soft symbol is equivalent to a configuration of the soft symbol as unavailable, or
-	the IAB-node DU detects a DCI format 2_5 with an AI index field value indicating the soft symbol as available for transmission or reception”
In the above, the condition for implicit determination of availability is: “for the IAB-node MT, ability to transmit or receive by the IAB-node DU in the soft symbol is equivalent to a configuration of the soft symbol as unavailable”.
We think that this definition is subject to interpretation and hence should be clarified to avoid inconsistent behaviors stemming from different interpretations.
The intent of the definition of the implicit determination of availability of a soft symbol was to compare the impact to the MT’s operation (i.e. reception or transmission) of the actual DU utilization of such symbol to the case in which the symbol was configured as unavailable for the DU: the implicit determination of availability for a soft symbol yields a positive result (i.e. the DU can use the symbol) if the impact on the MT’s actual reception or transmission is the same as to the case in which the symbol was configured as unavailable for the DU. Hence, we observe that the current definition requires at least clarifications on:
1) The fact that the implicit determination test is contingent on the IAB-MT having to transmit or receive. In other words, if there is no required MT transmission or reception the soft resource is implicitly available. Also, it is important to note that a DU symbol may span across two MT symbols given the respective timing alignment.
2) The fact the DU may be allowed to use the symbol for one operation (e.g. reception) even if it wouldn’t be allowed to use the symbol for the other (e.g. transmission).

Observation 1:
The definition soft resource in 38.213 requires some clarifications to correctly reflect the intended meaning of soft resource. Specifically:
1) In case of no required MT transmission or reception a soft resource is implicitly available.
2) A soft symbol may be implicitly available for DU reception (alternatively, transmission) even if it is not implicitly available for DU transmission (alternatively, reception). 
Moreover, regarding the explicit indication of availability via DCI format 2_5, it is observed that it is the IAB-node MT who receives such DCI, and not the IAB-node DU.
Observation 2:
In reference to the current definition for explicit indication of availability of a soft resource in Clause 14 of 38.213, it is observed that it is the MT who receives DCI format 2_5, despite the fact the information it carries is applicable in the DU domain.
It is also noted that the definition of soft symbol is completely independent from the downlink, uplink, or flexible nature of the symbol, so we propose to remove such dependency to simplify the text.
Observation 3:
In reference to the current definition of  soft resource in Clause 14 of 38.213, it is observed that such definition does not depend on the downlink, uplink, flexible type of a symbol and hence it can be simplified.
To address these clarifications, we propose the following text for the complete definition of soft symbol for the DU, including both the explicit indication by the parent node and the implicit determination by the node itself:
“When a symbol is configured as soft, the IAB-node DU can transmit (alternatively, can receive) in the symbol only if:
-	the IAB-node MT is not required to transmit nor receive during the IAB-node DU symbol, or
-	from the IAB-node MT’s required operation’s (i.e. transmission or reception during the DU symbol) point of view, the DU transmission (alternatively, DU reception) is equivalent to a DU configuration of the symbol as unavailable, or
-	the IAB-node MT detects a DCI format 2_5 with an AI index field value indicating the symbol as available.”
The first two conditions define the implicit determination of availability, whereas the third condition defines the explicit indication of availability by the parent node.
Proposal 1:
The definition of soft resource in 38.213 is updated as follows:
“When a symbol is configured as soft, the IAB-node DU can transmit (alternatively, can receive) in the symbol only if:
-	the IAB-node MT is not required to transmit nor receive during the IAB-node DU symbol, or
-	from the IAB-node MT’s required operation’s (i.e. transmission or reception during the DU symbol) point of view, the DU transmission (alternatively, DU reception) is equivalent to a DU configuration of the symbol as unavailable, or
-	the IAB-node MT detects a DCI format 2_5 with an AI index field value indicating the symbol as available.”

[bookmark: _Hlk32401284][bookmark: _Hlk24102609]Clarifications on mechanism for guard symbols request and grant
In RAN1 #98 it was agreed to introduce a mechanism for a child node and its parent to exchange information related to the number of guard symbols requested by the child and/or provided by its parent for the possible transitions from the MT to the DU and vice versa. Based on such mechanism several guard symbols can be specified for each transition type, e.g. MT Rx to DU Tx.
For this mechanism to be effective it is important that both nodes have the same view on when the MT to DU or DU to MT transitions are happening and, equally importantly, on the transition type. Otherwise the two nodes will potentially have two different assumptions on the number of guard symbols that will be used for a given transition. 
As an example, one source of ambiguity derives from the situation in which the node DU’s semi-static configuration contains F symbols. The parent node is made aware of such configuration, however it cannot tell whether the child DU will use such symbols for Tx (D) or Rx (U).
Moreover, there are some cases in which the occurrence of a MT to DU transition (or vice versa) depends on the nodes dynamic decisions and cannot be uniquely determined based on the semi-static resource configuration. As an example, when the identified cell specific signals/channels allocation overlaps a NA resource, the node is granted an exception and it has the ability (but not the obligation) to use the resource.
In general, the common information available at both the parent and child nodes is:
· Child MT slot configuration (including TDDConfigCommon, TDDConfigDedicated, dynamic SFI) and scheduling information
· Child DU resource configuration
· Child DU allocation of selected cell specific signals/channels
· Explicit release of S resources
[bookmark: _Hlk32594829]Determination of MT to DU transitions (and vice versa) and their type in the context of guard symbols applicability needs to be based on such common information. Additionally, rules/assumptions need to be defined to cover the aspects that cannot be inferred from such common information.
Observation 4:
For effective use of guard symbols inserted by a parent node in presence of transitions between the MT and the MU at the child node, it is important that both parent and child nodes have the same view on the location and type of the MT to DU or DU to MT transitions. Hence, determination of MT to DU transitions (and vice versa) and their type in the context of guard symbols applicability needs to be based on common information available at both nodes.

Identification of a MT to DU transition (and vice versa)
This section addresses the identification of the situations in which a MT to DU transition (or vice versa) can occur and for which, if it actually occurs, the applicable guard symbols will be inserted by the parent node.
To enhance readability the following definitions are introduced, and the corresponding terms used henceforth:
· S-NIA: soft resource not explicitly indicated available by the parent via DCI format 2_5.
· S-IA: soft resource explicitly indicated available by the parent via DCI format 2_5.
· NA-exempt channels: the cell specific signals/channels a node is allowed to transmit o receive (as applicable) even during NA or S-NIA resources.
A MT to DU transition may occur when in the child DU configuration there is a transition from NA or S-NIA to H or S-IA.
It should be noted that It is not 100% guaranteed that an actual MT to DU transition will occur in practice– the child node may use the NA resource for the NA-exempt channels and ignore the required MT duties, or the parent may not communicate with the MT during the NA portion of the child DU – but if the parent node uses the upstream link during the NA or S-NIA resource, then it would insert the guard symbols it had advertised as provided guard symbols.
A DU to MT transition may occur when in the child DU configuration there is a transition from H or S-IA to NA or S-NIA.
It should be noted that it is not 100% guaranteed that an actual DU to MT transition will occur in practice– the child node may use the NA resource for the NA-exempt channels and ignore the required MT duties, or the parent may not communicate with the MT during the NA portion of the child DU – but if the parent node uses the upstream link during the NA or S-NIA resource, then it would insert the guard symbols it had advertised as provided guard symbols.
These transitions are illustrated in Figure 1.


[bookmark: _Ref32429602]Figure 1 – MT to DU and DU to MT transitions
Due to the NA-exempt channels, there are additional scenarios in which MT to DU and DU to MT transitions can occur. These scenarios are illustrated in Figure 2 and Figure 3.
The potential transitions in Figure 2 can be uniquely identified by both the parent and the child since the parent can be made aware of the allocation of the NA-exempt channels for the child DU. In fact if the child DU NA resources corresponding to the allocation of the NA-exempt channels are viewed as H resources (as allowed by the definition of NA-exempt channels), the picture in Figure 2 becomes equivalent to the one in Figure 1.



[bookmark: _Ref32497679]Figure 2 – Additional MT to DU and DU to MT transitions related to NA-exempt channels
The potential transitions in Figure 3 could also be uniquely identified by both nodes and hence could qualify for applicability of the guard symbols. However, since such NA-exempt channels have a well-defined structure which may conflict with the number of guard symbols to be inserted, it is recommended that the NA-exempt channels take priority over the guard symbols insertion by the parent node and hence for such cases the parent node will not be required to insert guard symbols.





[bookmark: _Ref32437304]Figure 3 – More MT to DU and DU to MT transitions related to NA-exempt channels

Proposal 2:
Guard symbols are inserted by the parent node according to the advertised guard-Symbols Provided only when all the following conditions are satisfied:
· there is a candidate MT to DU transition or a candidate DU to MT transition,
· the MT is scheduled to be active at the edge of such candidate transition,
· the guard symbols do not overlap with a planned transmission or reception (as applicable) of NA-exempt channels by the MT. 
A candidate MT to DU transition occurs when:
· the DU is configured to transition from a NA or S-NIA resource to a H or S-IA resource,
· the DU is configured to transition from a NA or S-NIA resource to a NA or S-NIA resource with an allocation of NA-exempt channels.
A candidate DU to MT transition occurs when:
· the DU is configured to transition from a H or S-IA resource to a NA or S-NIA resource,
· the DU is configured to transition from a NA or S-NIA resource with an allocation of NA-exempt channels to a NA or S-NIA resource.

It should be noted that, depending on the actual DU resource configuration at the parent and child nodes, transitions between the MT and the DU could potentially happen relatively close to each other. As an example, there is a DU to MT transition followed a few symbols later by a MT to DU transition. In such a scenario, if guard symbols have to be introduced for each transition, depending on the amount of guard symbols, it is potentially possible that, effectively, the parent node does not get any symbol available for use and, de facto, the transition to the MT does not happen.
There may be multiple ways to handle this situation:
· Option 1: Do nothing special and let the system behave as defined. This may result in a very short duration (technically up to zero symbols) of operation for the upstream ink.
· Option 2: Define some exception rules that would grant the parent node dispensation from the introduction of guard symbols under certain conditions, leaving the burden to the child to effectively introduce guard symbols.

Observation 5:
Transitions from the DU and the MT and back could potentially happen relatively close to each other. If guard symbols have to be introduced for each transition in the upstream link, it is potentially possible that, effectively, the transition to the MT does not happen.
For Release 16 it is recommended to go with Option 1. In this context it is observed that it would be beneficial for the CU to know about these situations in order to further optimize the resource configuration. As a result, it is recommended that the required guard symbols and provided guard symbols for a given node are communicated to the CU.
Proposal 3:
The CU can be made aware of guard-Symbols Provided (to the child) and guard-SymbolsRequested (to the parent) for a given IAB node.

Identification of a transition type
This section addresses the identification of the transition type Rx/Tx to Rx/Tx for the MT to DU and DU to MT transitions.
Given the information available at both parent and child nodes the main challenge in the identification of a transition type is the presence of F symbols in the child DU configuration at the edge of the transition. In such scenario it is not possible for the parent node to determine the child DU’s state (Rx or Tx). This is illustrated in Figure 3.



[bookmark: _Ref32439011]Figure 4 – Ambiguity in transition type due to F symbols in child DU configuration
Observation 6:
In presence of F symbols in the child DU configuration at the edge of a MT to DU transition (or vice versa) it is not possible for the parent node to determine the child DU’s state (Rx or Tx) and hence determine fully the transition type.
There are multiple approaches that could be used in this case:
· Option 1: the number of guard symbols to be provided is chosen as the maximum number of guard symbols amongst the two possible transitions.
· Option 2: the number of guard symbols to be provided is chosen as the minimum number of guard symbols amongst the two possible transitions. 
Option 1 would be a conservative approach, which however could have some inefficiency when the lower number of guard symbols would be sufficient. As a result, it is recommended to select Option 2. In case the actual transition would benefit from a larger number of guard symbols, the child node can manage the residual symbol overlap between the MT and the DU.

Proposal 4:
In presence of F symbols in the child DU configuration at the edge of a MT to DU transition (or vice versa) the parent node inserts the minimum number of guard symbols amongst the two possible transition types corresponding to child DU Tx or child DU Rx. 

[bookmark: _Hlk32594259]Clarifications on MT’s behavior in presence of guard symbols
It is observed that there could be situations in which the allocation of signals/channels at least partially overlaps with the location of guard symbols at the edge of a transition between the MT and the DU. The MT behavior for these allocations needs to be defined, e.g. the whole allocation is discarded, or the allocation is considered punctured by the guard symbols.

Observation 7:
It is observed that there could be situations in which the allocation of signals/channels at least partially overlaps with the location of guard symbols at the edge of a transition between the MT and the DU.


Proposal 5:
Rules need to be defined for the MT’s handling of signals/channels allocations that at least partially overlap with guard symbols at the edge of a transition between the MT and the DU. 

Conclusion
This contribution provided some clarifications for IAB resource management and some suggestions to improve the corresponding specifications. The following observations and proposals were made:

Observation 1:
The definition soft resource in 38.213 requires some clarifications to correctly reflect the intended meaning of soft resource. Specifically:
1) In case of no required MT transmission or reception a soft resource is implicitly available.
2) A soft symbol may be implicitly available for DU reception (alternatively, transmission) even if it is not implicitly available for DU transmission (alternatively, reception). 
Observation 2:
In reference to the current definition for explicit indication of availability of a soft resource in Clause 14 of 38.213, it is observed that it is the MT who receives DCI format 2_5, despite the fact the information it carries is applicable in the DU domain.
Observation 3:
In reference to the current definition of  soft resource in Clause 14 of 38.213, it is observed that such definition does not depend on the downlink, uplink, flexible type of a symbol and hence it can be simplified.

	Proposal 1:
The definition of soft resource in 38.213 is updated as follows:
“When a symbol is configured as soft, the IAB-node DU can transmit (alternatively, can receive) in the symbol only if:
-	the IAB-node MT is not required to transmit nor receive during the IAB-node DU symbol, or
-	from the IAB-node MT’s required operation’s (i.e. transmission or reception during the DU symbol) point of view, the DU transmission (alternatively, DU reception) is equivalent to a DU configuration of the symbol as unavailable, or
-	the IAB-node MT detects a DCI format 2_5 with an AI index field value indicating the symbol as available.”



Observation 4:
For effective use of guard symbols inserted by a parent node in presence of transitions between the MT and the MU at the child node, it is important that both parent and child nodes have the same view on the location and type of the MT to DU or DU to MT transitions. Hence, determination of MT to DU transitions (and vice versa) and their type in the context of guard symbols applicability needs to be based on common information available at both nodes.
	Proposal 2:
Guard symbols are inserted by the parent node according to the advertised guard-Symbols Provided only when all the following conditions are satisfied:
· there is a candidate MT to DU transition or a candidate DU to MT transition,
· the MT is scheduled to be active at the edge of such candidate transition,
· the guard symbols do not overlap with a planned transmission or reception (as applicable) of NA-exempt channels by the MT. 
A candidate MT to DU transition occurs when:
· the DU is configured to transition from a NA or S-NIA resource to a H or S-IA resource,
· the DU is configured to transition from a NA or S-NIA resource to a NA or S-NIA resource with an allocation of NA-exempt channels.
A candidate DU to MT transition occurs when:
· the DU is configured to transition from a H or S-IA resource to a NA or S-NIA resource,
· the DU is configured to transition from a NA or S-NIA resource with an allocation of NA-exempt channels to a NA or S-NIA resource.



Observation 5:
Transitions from the DU and the MT and back could potentially happen relatively close to each other. If guard symbols have to be introduced for each transition in the upstream link, it is potentially possible that, effectively, the transition to the MT does not happen.

	Proposal 3:
The CU can be made aware of guard-Symbols Provided (to the child) and guard-SymbolsRequested (to the parent) for a given IAB node.



Observation 6:
In presence of F symbols in the child DU configuration at the edge of a MT to DU transition (or vice versa) it is not possible for the parent node to determine the child DU’s state (Rx or Tx) and hence determine fully the transition type.

	Proposal 4:
In presence of F symbols in the child DU configuration at the edge of a MT to DU transition (or vice versa) the parent node inserts the minimum number of guard symbols amongst the two possible transition types corresponding to child DU Tx or child DU Rx. 




Observation 7:
It is observed that there could be situations in which the allocation of signals/channels at least partially overlaps with the location of guard symbols at the edge of a transition between the MT and the DU.






	Proposal 5:
Rules need to be defined for the MT’s handling of signals/channels allocations that at least partially overlap with guard symbols at the edge of a transition between the MT and the DU.
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