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Prelude
Reminiscing on what happened in RAN1 #97 back in May, back in Reno, back in the IAB sessions, we note that one of the agreements reached was of the multiple-choice variety. Yes, regarding indication of resources the following alternatives were to be considered in the future for down selection:
For the semi-static DU resource configuration, the following is supported:
· Indication of H/S/NA for the DU resource configuration is based on one of the following alternatives:
· Alt. 1: H/S/NA is additionally explicitly indicated per-resource type (D/U/F) in each slot
· To handle potential misalignment in time of the configured DU and MT resources when determining the validity of H/S/NA at the DU one of the following sub-alternatives need to be supported:
· 1a: H/S/NA is applied relative to the DU resource configuration (D/U/F) slot timing without considering the MT resource configuration or timing.
· FFS: definition of additional restrictions on the usage of the semi-static configuration (e.g. guard symbols) based on deployment scenario or DL/UL switching times within an IAB node, etc.
· FFS: How the CU can get information about the required guard symbols for a given DU configuration if needed
· 1b: H/S/NA is applied relative to the MT resource configuration (D/U/F) slot timing.
· FFS: Whether and/or how the CU will know the actual H/S/NA resources at the child DU
· FFS whether S is explicitly indicated or not
· 1c: H is applied relative to the DU resource configuration (D/U/F) slot timing. S is not explicitly indicated, but implicitly determined by the DU based on whether the corresponding MT configuration indicates the MT resources is F (DU-S). The remaining resources are assumed to be NA at the child DU.
· FFS: Whether and/or how the CU will know the actual S/NA resources at the child DU
· Alt. 2: NA is explicitly indicated as a resource type in each slot for both the DU and MT configuration. H/S is not explicitly indicated, but implicitly determined by the DU based on the corresponding MT configuration 
· FFS: how to handle the case where there is not a 1-1 mapping of DUs and MTs in the child IAB node


In this document, we present our views on this conundrum of choice, and present our recommendations how to proceed forward, particularly considering node timing issues.  The timing issues associated with each alternative, while discussed in offline discussions, both official and ad hoc, had not reached a perspicuous conclusion and hence RAN1 to proceed with the specification making in this area. 
In addition we are also interested in the resolution of this multiple choice decision from RAN1 #97:

Conclusion:
The following alternatives are considered (to be down-selected in RAN1#98) for the explicit indication of the availability of soft resources:
· Alt 1) Indicate which MT resources are “IA” for the child DU (DU-IA)
· Alt 2a) Indicate DU-IA and MT resource type (MT-D/MT-U/MT-F)
· Alt 2b) Indicate DU-IA and DU resource type (DU-D/DU-U/DU-F)
· Alt 3) Jointly or separately indicate DU-IA, the DU resource type, and/or MT resource type 
· FFS: monitoring occasions for the explicit indication at the MT
· FFS: whether the processing time for applying an explicit indication at the child DU is defined or left to implementation.


But enough of that; we do not want this prelude to overstay its welcome.  The next section will present an analysis of each alternatives, with potential FFS solutions, observations, and proposals, which will be followed by the inevitable Wrap-up/TLDR section wherein the observations and proposals are repeated for easy reference, for those who want to skip to the end.  In addition, in the Excursus we include the relevant tables on configuration states of the DU and MT as presented in TR38.874.

Analysis
Semi-static Resource Configuration
As promised not more than a few lines above, here’s the analysis.  First, we review the salient definitions of terms we will be using.  Note, first, that flexible resources denoted as such are resources in which the device to which the flexible resources are assigned makes no assumption about whether to transmit or receive on those resources, except via control signaling, and in particular L1 control signaling.   Thus, the default characteristic of flexible resources as seen by client devices (UEs in RANs and MTs of and by implication and extension DUs of child nodes in IAB networks) is that they are “not available” for transmission by the client device, and a device to which these resources are assigned are not expected to be required to receive transmissions on those resources.

Secondly, we have the following definitions for resources, from TR38.874:

“Each of the downlink, uplink and flexible time-resource types of the DU child link can belong to one of two categories:
-	Hard: The corresponding time resource is always available for the DU child link;
-	Soft: The availability of the corresponding time resource for the DU child link is explicitly and/or implicitly controlled by the parent node.”

Flexible resources of the DU of the child can be “available” either “always” or “implicitly controlled by the parent node,” according to TR38.874, as well of course as that of the child MT.  In legacy NR, flexible resource assignment and utilization is done between a gNB and an access UE.  For IAB, however, “flexible” resource assignment can be Hard/Soft allocated to a child’s DU (if configured via RRC configuration, then, from the CU.)

Thus we have rehashed the meanings of  “hard” and “soft” and flexible resources.  Also, we should note in what follows that IA= Indicated as available, NA = Not Available, F=Flexible, D= Downlink, U=Uplink, F= Flexible, H=Hard, S= Soft.
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[bookmark: _Ref9521721]Figure 1 IAB network and The Timing Issue
Figure 1 shows an illustration of the issue we’re addressing in this document, namely, in an IAB network  there may exist a timing difference that may be unresolvable to zero between the MT timing and the DU timing in an IAB node.  This may happen, for example in situations where an IAB network has multiple points/instances of synchronization that may be provided by GNSS (Global Navigation Satellite Systems) or GNSS equivalent (e.g., terrestrial based, or atomic clock chips, etc.)  systems to multiple IAB nodes. So, for example for IAB Node 1, its “Generation 1” timing between its MT and CU differs from its “Generation 2” timing between Node 1’s DU and Node 2’s MT by tseconds, which is exaggerated in the Figure to showcase the lack of competence of the author’s drawing skills. 

So with the above in mind, let us consider each of the alternatives for semi-static resource configuration.
 

Alternative 1a
Alternative 1a is:  H/S/NA is additionally explicitly indicated per-resource type (D/U/F) in each slot; 1a: H/S/NA is applied relative to the DU resource configuration (D/U/F) slot timing without considering the MT resource configuration or timing.

For Alternative 1a, the FFS points are:
· FFS: definition of additional restrictions on the usage of the semi-static configuration (e.g. guard symbols) based on deployment scenario or DL/UL switching times within an IAB node, etc.
· FFS: How the CU can get information about the required guard symbols for a given DU configuration if needed

As per R1-1907117, in particular, the timing issue illustrated in Figure 1 might involve communication in a scenario as per Figure 2.  R1-1907117 mentions that in a case like Figure 2 puncturing the last symbol on the IAB node  (the “Hard Symbol 13 (=  K mod 14)” symbol time of the “IAB node” – not the Parent)  in Figure 2 in turquoise) can mean that the MT can receive from its parent symbols 0 ( = K+1mod 14), given 14 symbols/slot. From R1-1907117:




[bookmark: _Ref9949620]Figure 2 Potential Parent/Child timing relationship after Figure 1


“If there is an overlap between the last DU TX symbol and the first MT RX symbol, the IAB node can puncture the last DU TX symbol to provide sufficient TX/RX switching gap.”  Clearly, due to hardware characteristics, the timing variation/synchronization between Parent DU and Child DU will vary over time.

Conversely, part of the symbol can be punctured, based on knowledge of timing difference.  Alternatively, a plurality of slots might be punctured as well.  This can be varied, based on “timing gap” reports from child to parent.   That is why signaling from a child to parent to indicate its DU/MT “timing gap” can be helpful (the communication of the timing gap itself is already covered in previous contributions).  The communication of the timing gap can either be done periodically or aperiodically, i.e., on request from a parent node to report the measurement.  Since at least regarding FR2, there will be highly directive antennas used as well as fixed antenna placement, we would assume that most sources of timing difference would not change rapidly with time and therefore RRC signaling should suffice to provide T_delta.  Thus we have:

Proposal 1:
The “timing gap” T_delta  between child/parent links and child/grandchildren links should be reported using RRC signaling unless there is an objection from RAN4.

Observation 1:
“Timing gap” reporting is applicable to all alternatives for semistatic configuration of resources, and thus the next step in specification making for IAB in this area will concern to what extent procedures for management of synchronization need to be specified.  And that observation leads to:

Proposal 2:
RAN1 should specify as needed procedures for Parent/Child behavior in response to synchronization reports. 

There is also an issue that wasn’t covered in great detail in the foregoing, namely, that it takes the hardware a finite amount of time to switch from UL to DL and vice versa. So, potential solutions to this problem may include:

1. In communicating IAB node capability switching time category can be included as part of IAB node capability.
a. This switching time capability may be expressed as a plurality of slots or OFDM symbols.

2. The (Child) IAB node may always have a Soft DU resource as its first resource, and the Parent node then may simply never hand over that resource to the Child. This of course reduces flexibility in the use of resources.
3. Conversely, the Parent DU may simply never schedule transmission coinciding with the Child DU transmission.  This of course reduces flexibility in the use of resources. 


It is noted that of the potential solutions listed above, communicating IAB node capability as part of IAB capability information exchange satisfies the FFS “How the CU can get information about the required guard symbols for a given DU configuration if needed.”

Proposal 3:
Switching time capability should be transmitted in IAB node capability information exchange. 


The foregoing proposals apply to the other alternatives as well as far as we are aware. 


Alternative 1b

Alternative 1b is: H/S/NA is additionally explicitly indicated per-resource type (D/U/F) in each slot; 1b: H/S/NA is applied relative to the MT resource configuration (D/U/F) slot timing.


Observation 2:
The difference between 1a and 1b is 1a has the configuration of H/S/NA flavors applied the DU configuration, and 1b has the H/S/NA flavors applied to the MT configuration. 

The FFSs are:

· FFS: Whether and/or how the CU will know the actual H/S/NA resources at the child DU
· FFS whether S is explicitly indicated or not

Now recall that the soft resources of the child link are explicitly and/or implicitly controlled by the parent.  Also, recall that the DU state can be inferred from the MT state, as per the aforementioned tables.

Methods to address these FFSs include:

· Communication of switching time capability at connection, as per 1a, since the timing difference issue will still happen even if it’s the MT resources that are configured
· Signaling from a child to parent to indicate its DU/MT “timing gap” as per 1a, since the timing difference issue will still happen even if it’s the MT resources that are configured. 
· Signaling from Child to CU indicating resources delegated to child DU.

Regarding whether and how soft resources are indicated for the child node; clearly they can be expressed in manners already consistent with the slot format indication signalling that have been previously discussed Thus the above bullet points should address the first FFS as well as the timing difference management between links.



Alternative 1c

So Alternative 1c is where H/S/NA is additionally explicitly indicated per-resource type (D/U/F) in each slot; 1c: H is applied relative to the DU resource configuration (D/U/F) slot timing. S is not explicitly indicated, but implicitly determined by the DU based on whether the corresponding MT configuration indicates the MT resources is F (DU-S). The remaining resources are assumed to be NA at the child DU.


Now Alternative 1c makes an explicit relationship between flexible resources “at” the MT - which are used by the Parent for transmitting and receiving from the Child MT and soft resources “at” the DU. Alternative 1c then precludes a soft resource assigned to the DU that is always NA for the MT. 

Naturally this constraint will limit flexibility of resource utilization, and what we would propose is that this constraint be configurable if this alternative were to be adopted, which it is recommended not to do in the first place.


As for the FFS points: Whether and/or how the CU will know the actual S/NA resources at the child DU

The bullet points listed in the table should suffice:

· Signaling from Child to CU indicating resources semistatically delegated to child DU.
· Signaling from CU to child IAB node to (re)configure association between DU-S and MT-F.

So, after 1a-1c, we can observe:

Observation 3:
Alternatives 1a and 1b are complementary to each other, 1c is a constrained version of 1a.

Also, regarding 1c, 

Proposal 4:
Any constraints on resource indication should be configurable.

Finally, we have Alt 2:

Alternative 2

Alt. 2: NA is explicitly indicated as a resource type in each slot for both the DU and MT configuration. H/S is not explicitly indicated, but implicitly determined by the DU based on the corresponding MT configuration.

Now, first note that we can still allow the same kind of (re)configurable constraints as we have for Alt 1c, so that we can have signalling from CU to child IAB node to (re)configure association between DU-S and MT-F, although admittedly this doesn’t exactly save a large number of bits, but it can help in signalling the slot formats.


As for the FFS point for Alt. 2, how to handle the case where there is not a 1-1 mapping of DUs and MTs in the child IAB node, also let’s note that this issue appears as well for Alt. 1c.  These cases are going to arise in the event that a child has multiple parents. In either case 1 or case 2, we can consider that the CU needs to have and transmit indicative RRC signalling to the parents of an IAB node MTs and DUs, as to which resources are under the control of which parents. Alternatively, the IAB node susses the H/S allocation DU configuration based on the plurality of MT configurations.  That is, the IAB node can consider the H/S allocation based on flexible allocations of the plurality of MTs’ flexible resources.


Explicit Indication of Soft Resources
Let’s now get to this bit:

Conclusion:
The following alternatives are considered (to be down-selected in RAN1#98) for the explicit indication of the availability of soft resources:
· Alt 1) Indicate which MT resources are “IA” for the child DU (DU-IA)
· Alt 2a) Indicate DU-IA and MT resource type (MT-D/MT-U/MT-F)
· Alt 2b) Indicate DU-IA and DU resource type (DU-D/DU-U/DU-F)
· Alt 3) Jointly or separately indicate DU-IA, the DU resource type, and/or MT resource type 
· FFS: monitoring occasions for the explicit indication at the MT
· FFS: whether the processing time for applying an explicit indication at the child DU is defined or left to implementation.

We observe:
Observations 4:
· Clearly Alt 3 has the highest complexity/overhead, assuming it’s an inclusive “or,” meant. 
· Alt 1 seems to leave the transmission/reception choice to the IAB node, which might cause issues for intercell interference management. 
· Alt 2a and 2b seem to be equivalent in specification complexity.
· Alt 2a seems to imply that the transmission/reception assignment would follow the MT transmission/reception assignment.

Proposal 5:
For the explicit indication of soft resources’ availability, down-select to include either Alt 2a or Alt 2b.

Conclusion
As promised, here’s the TLDR (“Too Long Didn’t Read”) section:
Observation 1:
“Timing gap” reporting is applicable to all alternatives for semistatic configuration of resources, and thus the next step in specification making for IAB in this area will concern to what extent procedures for management of synchronization need to be specified.  
Observation 2:
The difference between 1a and 1b is 1a has the configuration of H/S/NA flavors applied the DU configuration, and 1b has the H/S/NA flavors applied to the MT configuration. 

Observation 3:
Alternatives 1a and 1b are complementary to each other, 1c is a constrained version of 1a.

Observations 4:
· Clearly Alt 3 has the highest complexity/overhead, assuming it’s an inclusive “or,” meant. 
· Alt 1 seems to leave the transmission/reception choice to the IAB node, which might cause issues for intercell interference management. 
· Alt 2a and 2b seem to be equivalent in specification complexity.
· Alt 2a seems to imply that the transmission/reception assignment would follow the MT transmission/reception assignment.

Proposal 1:
The “timing gap” T_delta  between child/parent links and child/grandchildren links should be reported using RRC signaling unless there is an objection from RAN4.

Proposal 2:
RAN1 should specify as needed procedures for Parent/Child behavior in response to synchronization reports.  

Proposal 3:
Switching time capability should be transmitted in IAB node capability information exchange. 

Proposal 4:
Any constraints on resource indication should be configurable.

Proposal 5:
For the explicit indication of soft resources’ availability, down-select to include either Alt 2a or Alt 2b.
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Excursus
The original IAB technical report, TR83.874, included tables of the states of H/S/NA for the DU resource configuration and the corresponding alternatives for the MT assuming simultaneous transmission of the MT and DU was possible but assuming, for TDM a half duplex constraint. Thus considering the possibility of timing mismatches the following tables from TR38.874 are assumed to be generally true, except for differences that might arise due to synchronization mismatches between parent and child links:


Table 7.3.3-1: DU and MT behavior in case of TDM operation
	DU Configuration
	MT configuration

	
	DL
	UL
	F

	DL-H
	DU: Tx
MT: NULL
	DU: Tx
MT: NULL
	DU: Tx
MT: NULL

	DL-S
	When DU resource: IA
DU: Tx
MT: NULL

When DU resource: INA
DU: NULL
MT: Rx
	When DU resource: IA
DU: Tx
MT: NULL

When DU resource: INA
DU: NULL
MT: Tx
	When DU resource: IA
DU: Tx
MT: NULL

When DU resource: INA
DU: NULL
MT: Tx/Rx

	UL-H
	DU: Rx
MT: NULL
	DU: Rx
MT: NULL
	DU: Rx
MT: NULL 

	UL-S
	When DU resource: IA
DU: Rx
MT: NULL

When DU resource: INA
DU: NULL
MT: Rx
	When DU resource: IA
DU: Rx
MT: NULL

When DU resource: INA
DU: NULL
MT: Tx
	When DU resource: IA
DU: Rx
MT: NULL

When DU resource: INA
DU: NULL
MT: Tx/Rx

	F-H
	DU: Tx/Rx
MT: NULL
	DU: Tx/Rx
MT: NULL
	DU: Tx/Rx
MT: NULL

	F-S
	When DU resource: IA
DU: Tx/Rx
MT: NULL

When DU resource: INA
DU: NULL
MT: Rx
	When DU resource: IA
DU: Tx/Rx
MT: NULL

When DU resource: INA
DU: NULL
MT: Tx
	When DU resource: IA
DU: Tx/Rx
MT: NULL

When DU resource: INA
DU: NULL
MT: Tx/Rx

	NA
	DU: NULL
MT: Rx
	DU: NULL
MT: Tx 
	DU: NULL
MT: Tx/Rx



[bookmark: _Hlk529904899]Table 7.3.3-2 applies in case of SDM operation, where there can be simultaneous transmission in the DU and the MT, alternatively simultaneous reception in the DU and the MT.
Table 7.3.3-2: DU and MT behaviour in case of SDM operation
	
	DL
	UL
	F

	DL-H
	DU: Tx
MT: NULL
	DU: Tx
MT: Tx
	DU: Tx
MT: Tx

	DL-S
	When DU resource: IA
DU: Tx
MT: NULL

When DU resource: INA
DU: NULL
MT: Rx
	When DU resource: IA
DU: Tx
MT: Tx

When DU resource: INA
DU: NULL
MT: Tx
	When DU resource: IA
DU: Tx
MT: Tx

When DU resource: INA
DU: NULL
MT: Tx/Rx

	UL-H
	DU: Rx
MT: Rx
	DU: Rx
MT: NULL
	DU: Rx
MT: Rx

	UL-S
	When DU resource: IA
DU: Rx
MT: Rx

When DU resource: INA
DU: NULL
MT: Rx
	When DU resource: IA
DU: Rx
MT: NULL

When DU resource: INA
DU: NULL
MT: Tx
	When DU resource: IA
DU: Rx (only if MT is Rx and the DU knows that ahead of time)
MT: Rx

When DU resource: INA
DU: NULL
MT: Tx/Rx

	F-H
	DU: Tx/Rx
MT: Rx (only if DU is Rx and the parent DU is aware in advance)
	DU: Tx/Rx
MT: Tx (only if DU is Tx and the parent is aware in advance)
	DU: Tx/Rx
MT: Tx (only if DU is Tx and the parent DU knows that ahead of time), Rx (only if DU is Rx and the parent DU is aware in advance)

	F-S
	When DU resource: IA
DU: Tx/Rx
MT: Rx (only if DU is Rx and the parent DU is aware in advance)

When DU resource: INA
DU: NULL
MT: Rx
	When DU resource: IA
DU: Tx/Rx
MT: Tx (only if DU is Tx and the parent DU is aware in advance)

When DU resource: INA
DU: NULL
MT: Tx
	When DU resource: IA
DU: Tx/Rx
MT: Tx (only if DU is Tx and the parent DU knows that ahead of time), Rx (only if DU is Rx and the parent DU is aware in advance)

When DU resource: INA
DU: NULL
MT: Tx/Rx

	NA
	DU: NULL
MT: Rx
	DU: NULL
MT: Tx 
	DU: NULL
MT: Tx/Rx
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