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In RAN1 #97, the following agreements were achieved [1]:
	Agreements:
For the semi-static DU resource configuration, the following is supported:
· The resources are configured on a per DU (cell) basis
· FFS: indication of additional supplemental per-link resource configurations of child DUs
· Indication of D/U/F resources in the semi-static DU resource configuration includes the following:
· The flexibility to configure all of the slot patterns and formats supported by the existing Rel-15 TDD-UL-DL-Config RRC configurations and slot format table defined in Table 11.1.1-1 in TS38.213
· FFS: additional pattern durations than supported in Rel-15
· FFS: default resources or pattern
· New slot formats defined only for IAB nodes (DU and MTs) which begin with uplink slots, uplink symbols, or flexible symbols.
· Note: usage of these slot formats should be compatible with Rel-15 access UEs sharing the same link
· FFS: whether these slot formats also need to be included in the MT RRC configuration and/or SFI carried on DCI Format 2_0
· 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
· Details of the F1-AP signaling design is up to RAN3
Agreements:
If a DU NA or Soft resource is configured with cell-specific signals/channels, the resource is treated as if it were a Hard DU resource (Alt. 2 from RAN1#96bis).
· The list of cell-specific signals/channels includes:
· resources for SSB transmission at DU, including both CD-SSB and non-CD-SSB;
· configured RACH occasions for receiving at the DU
· periodic CSI-RS transmission at the DU
· scheduled resource for receiving SR at DU
· The parent does not need to be aware of the cell-specific signals/channel configurations of the child DU


In this contribution, we discuss the remaining details of resource multiplexing between backhaul and access links for IAB. We first discuss the number of required guard symbols in case of TX/RX switching between MT and DU within an IAB node. Then we compare the alternatives for semi-static resource configuration. In the end, the dynamic indication of soft DU resources are discussed.
Semi-static DU resource configuration
Guard symbols for TX/RX switching between MT and DU 
Considering TX/RX switching between MT and DU, some guard symbols are required at either MT or DU in order to avoid the potential resource overlapping between MT and DU. 
In TDM operation, there are eight switching patterns as listed in Table 1 in the Appendix. It can be observed that the guard time is dependent on the following factors: the MT backhaul link propagation delay; the TX-RX/RX-TX switching interval between MT and DU and the RX-TX switching interval for DU. The number of guard symbols should accommodate the required guard time. From Table 1, the maximum number of required guard symbols may vary for different TDM switching patterns.
Considering the long distance of backhaul link, e.g. 2.5 km, the maximum propagation delay of backhaul link is 8.3 us. The maximum allowed TX/RX switching interval for the same transceiver in FR2 is defined as 3 us according to RAN4, which can be used as a reference for the TX-RX/RX-TX switching interval between MT and DU. The maximum number of required guard symbols for each switching pattern considering the 60/120 kHz subcarrier spacing applied in FR2 is also listed in Table 1 in the Appendix.
To avoid the potential resource overlapping between MT and DU, one simple way is to always reserve the maximum number of required guard symbols whenever TX/RX switching occurs between MT and DU. However, this approach will cause rather large resource waste especially for 120 kHz SCS hence is not preferable for backhaul link capacity. For example, for the switching from MT-RX to DU-TX then to MT-RX pattern, the maximum number of guard symbols is 3 (2 symbols for MT-RX to DU-TX switching and 1 for DU-TX to MT-RX switching, respectively). However, the minimum number of guard symbols is only 1 symbol (0 for DU TX-to-MT RX switching and 1 for MT RX-to-DU TX switching, respectively). That is, the capacity loss can be up to 14% between the maximum and minimum number of guard symbols (2 OFDM symbols in every14 symbols).
Therefore, a more efficient approach is to adapt the number of guard symbols according to the specific MT/DU TDM switching pattern, which is essentially determined by the MT/DU TDM pattern, slot format of the DU and MT and the deployment scenarios with different backhaul link propagation delay. 
Observation1: The number of guard symbols depends on MT/DU TDM switching pattern, IAB TX/RX RF switching interval, subcarrier spacing and backhaul link propagation delay.
Observation 2: To always reserve a maximum number of required guard symbols will cause a big backhaul link capacity degradation.
Proposal 1: The number of guard symbols in backhaul link should be adaptable according to specific MT/DU TDM switching pattern, IAB TX/RX RF switching interval, subcarrier spacing and backhaul link propagation delay.
Indication of H/S/NA for the DU resource configuration
To ensure the successful transmission of backhaul and access links without conflict, resource configuration between the parent node and IAB node should be coordinated such that the half duplex constraint is not violated. More specifically, MT should neither transmit nor receive on the DU’s hard time resources, which implies that the parent node should be aware of the unavailable time resources for the MT, otherwise scheduling conflict may happen. In addition, due to the potential misalignment in time of the configured DU and MT resources, some guard symbols should be reserved at either MT or DU whenever the TX/RX switching occurs between MT and DU. At RAN1#97, several alternatives were listed for indication of H/S/NA for the DU.
Alt. 1:   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.
With this alternative, the IAB node DU resource types (H/S/NA) are configured explicitly for each D/U/F resource type. Parent node DU and IAB node will derive the candidate time resources implicitly for IAB node MT. According to the discussion in previous meeting, IAB node DU hard resource configuration should be known by the parent DU so that parent DU will not schedule backhaul link transmission in the IAB node DU hard resource. Informing the parent node DU of IAB node DU hard resource configuration requires significant amount of F1-AP signaling, and the overhead is linearly increased in case of one MT-to-multiple DU cells within one IAB node.
In addition, Alt.1a implies that the number of guard symbols should also be known at the parent node DU so that the parent DU can avoid scheduling the MT in the guard symbols. Figure 2 illustrate DU TX-> MT RX->DU TX switching pattern, where the first and last several OFDM symbols have to be reserved as guard symbols. The number of guard symbols can be reported from an IAB node to the parent node DU.

Figure 2: Illustration of guard symbols of Alt.1a
Observation 3: With Alt.1a, 
· F1-AP signaling is needed to let parent DU know its child DU’s hard resource configuration and the signaling overhead will be linearly increased in case of one MT-to-multiple DU cells mapping in one IAB node
· The number of guard symbols due to TX/RX switching between MT and DU should be reported from an IAB node to its parent node DU so that scheduling conflict can be avoided
1b: H/S/NA is applied relative to the MT resource configuration (D/U/F) slot timing. 
With this alternative, the H/S/NA resource type is applied relative to the MT slot timing, and both parent node DU and IAB node can derive the candidate time resources for IAB node MT without need of taking the guard symbols into account.
Alt.1b is similar to Alt.1a in terms of the F1-AP signaling overhead since F1-AP signaling are needed to inform the parent DU of IAB node DU hard resource configurations. Alt.1b is different from Alt.1a for the guard symbol handling. One way is to reserve some guard symbols at the DU so that the scheduling of MT is not impacted, and the hard symbols overlapped with guard symbols are treated as soft or NA symbols. One consequence of this is that the PDCCH monitoring of legacy UEs might be impacted if guard symbols is reserved at the beginning of a DL slot since not all UEs support PDCCH monitoring in the middle of a slot.

Figure 2: Illustration of guard symbols in Alt.1b
Observation 4: With Alt.1b, 
· F1-AP signaling is needed to let parent DU know its child DU’s hard resource configuration and the signaling overhead will be linearly increased in case of one MT-to-multiple DU cells mapping in one IAB node
· The guard symbols due to TX/RX switching between MT and DU are reserved at the DU and the DU treats these symbols, which were originally configured as hard resource, as soft or NA resources
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).
For this alternative, DU’s soft resource is applied only to MT’s flexible resource, which put some restriction for resource sharing between MT and DU. Actually according to Table 7.3.3-1 in TR 38.874, any D/U/F resources of MT can be configured as DU’s soft resource.
Observation 5: Alt.1c poses unnecessary restrictions by coupling the DU soft resource with MT flexible resource.
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
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]With this alternative, both MT and DU are explicitly indicated with NA, and parent DU is able to acquire this configuration and avoid scheduling MT on the MT’s NA time resources, thus scheduling conflict can be easily solved. 
DU does not need to be configured with H/S flavor with explicit F1-AP signaling, but can derive it from the MT’s resource configuration. Specifically, the time resource of DU overlapping with the NA time resource of MT is treated as DU hard resource, and the time resource of DU overlapping with the available time resource of MT is treated as soft. Therefore, the DU soft/hard resource flavor can be treated as a consequence of the candidate time resource configuration of MT and does not need to be explicitly configured by F1-AP signaling. 
In addition, for Alt.2, the guard symbols can be inherently handled at the IAB node, i.e. the DU will treat some additional DU resources as soft resources according to the number of guard symbols, e.g. symbol#13 in the first DU slot of Figure 3. To facilitate PDCCH monitoring of legacy UEs, the CU can also configure some NA resource (with symbol granularity) for MT in case there is TX/RX switching, e.g. symbol#13 in the MT slot of Figure 3. As a result, the first symbol of the next DU slot can be derived as hard. Note that for both slot-level and symbol-level MT resource configuration, the DU derives hard/soft resources based on a common rule.

                   						Figure 3: Illustration of guard symbol of Alt.2
Observation 6: With Alt.2, 
· The hard and soft resources do not need to be explicitly configured, but can be derived according to the resource type configuration for both MT and DU.
· There is no need to let parent DU know its child DU’s hard resource configuration with F1-AP signaling
· [bookmark: _GoBack]The guard symbols due to TX/RX switching between MT and DU can be inherently handled at the IAB node and the DU may treat some additional DU resources as soft resources according to the number of guard symbols
According to the above analysis, Alt. 2 is the simplest and signaling saving approach to achieve H/S/NA indication for DU resource configuration. With Alt.2, the H/S resources are not necessarily explicitly introduced in specification.
Proposal 2: Alt.2 should be adopted to achieve the H/S/NA flavor indication for DU resource and H/S flavor should be implicitly derived without explicit F1-AP signaling.
In RAN1#97, it is also agreed that 
· If a DU NA or Soft resource is configured with cell-specific signals/channels, the resource is treated as if it were a Hard DU resource (Alt.2 from RAN1#96bis).
· The parent does not need to be aware of the cell-specific signals/channel configurations of the child DU
Even if parent node does not need to be aware of the cell-specific signals/channel configuration of child node, it should be informed of the changes at IAB node DU. Otherwise, parent node will probably schedule the MT transmission and leads to scheduling conflict.
Proposal 3: Some mechanism should be supported to let parent node know the resource usage changes at IAB DU.
[bookmark: _Ref129681832]Dynamic resource sharing between MT and DU
In RAN1 # 97, four alternatives are considered 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.
These alternatives can be divided into two categories. One category (Alt.1) indicates the availability of MT resources, and the other (Alt.2a, Alt.2b and Alt3) indicates the availability of DU resource with or without the resource type for the MT or the child DU.
For Alt.1, a new type of DCI format can be introduced to indicate that whether the time resources of IAB node MT are released or not.  A bitmap can be used for such indication as illustrated in Figure 4, where “1” means the indicated time resource is available/not-released for IAB MT, and “0” means the resource is not-available/released for IAB MT. The time offset between the dynamic indication and the corresponding time resource also should be configured to MT so that IAB DU can have enough time for DU transmission preparation if the time resource for MT is released.
 
Figure 4: A new DCI type indication for dynamic resource sharing
For Alt.2 families, an SFI-like indication via DCI format 2_0 can be used as the explicit indication. However, according to the definition of DCI format 2_0, it is not suitable to reuse it for dynamic resource sharing due to the following reasons:
· DCI format 2_0 is only used for the “flexible” MT time resource type by its definition. However, the dynamic indication signaling is expected to be applied on DU soft resource which may be overlapped with any kind of MT resource (downlink, uplink and flexible). Therefore, DCI format 2_0 cannot be used to indicate the resource type of the MT’s “downlink” and “uplink” resource. 
· As shown in Figure 4, time offset between the dynamic indication signaling and corresponding resource should be introduced, which does not exist for DCI format 2-0 where there is no time offset between DCI format 2-0 and the resource it indicates. However, to enable dynamic resource sharing, the scheduling and process delay should be considered. In this situation, there should be an indication time offset between the slot where the IAB node MT detects the explicit indication and the slot to be indicated, which is not supported by DCI format 2_0.
Fundamentally, as the functionality of resource type indication (D/U/F) and resource availability indication (IA/NA) are totally independent, it is not preferred to couple them together. Neither the MT resource type (MT-D/MT-U/MT-F) nor the DU resource type (DU-D/DU-U/DU-F) needs to be included in dynamic resource indication. Furthermore, the resource type for the child DU (D/U/F) is a scheduler decision by the node itself hence it is not proper to leave the decision to the parent node DU.
 Proposal 4: Explicit indication based on a new DCI format is introduced to indicate which MT resources are “IA” for the child DU
· The time offset between the dynamic indication and the corresponding time resource should be configured to MT
Conclusions
According to the previous discussion, we have the following observations and proposals:
Observation1: The number of guard symbols depends on MT/DU TDM switching pattern, IAB TX/RX RF switching interval, subcarrier spacing and backhaul link propagation delay.
Observation 2: To always reserve a maximum number of required guard symbols will cause a big backhaul link capacity degradation.
Observation 3: With Alt.1a, 
· F1-AP signaling is needed to let parent DU know its child DU’s hard resource configuration and the signaling overhead will be linearly increased in case of one MT-to-multiple DU cells mapping in one IAB node 
· The number of guard symbols due to TX/RX switching between MT and DU should be reported from an IAB node to its parent node DU so that scheduling conflict can be avoided
Observation 4: With Alt.1b, 
· F1-AP signaling is needed to let parent DU know its child DU’s hard resource configuration and the signaling overhead will be linearly increased in case of one MT-to-multiple DU cells mapping in one IAB node
· The guard symbols due to TX/RX switching between MT and DU are reserved at the DU and the DU treats these symbols, which were originally configured as hard resource, as soft or NA resources
Observation 5: Alt.1c poses unnecessary restrictions by coupling the DU soft resource with MT flexible resource.
Observation 6: With Alt.2, 
· The hard and soft resources do not need to be explicitly configured, but can be derived according to the resource type configuration for both MT and DU
· There is no need to let parent DU know its child DU’s hard resource configuration with F1-AP signaling 
· The guard symbols due to TX/RX switching between MT and DU can be inherently handled at the IAB node and the DU may treat some additional DU resources as soft resources according to the number of guard symbols
Proposal 1: The number of guard symbols in backhaul link should be adaptable according to specific MT/DU TDM switching pattern, IAB TX/RX RF switching interval, subcarrier spacing and backhaul link propagation delay.
Proposal 2: Alt.2 should be adopted to achieve the H/S/NA flavor indication for DU resource and H/S flavor should be implicitly derived without explicit F1-AP signaling.
Proposal 3: Some mechanism should be supported to let parent node know the resource usage changes at IAB DU.
Proposal 4: Explicit indication based on a new DCI format is introduced to indicate which MT resources are “IA” for the child DU
· The time offset between the dynamic indication and the corresponding time resource should be configured to MT
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Appendix
Table 1. TDM switching patterns and number of required guard symbols for IAB node
	TDM switching pattern
	
	Number of required guard symbols

	DU TX→MT RX
	            IAB TX timingDU TX
MT RX

	Maximum number of guard symbol: 
 is the propagation delay between IAB node and parent node
 is the DU TX-to-MT RX switching interval of IAB node
 is the OFDM symbol duration
Range of ：[0, 1]

	MT RX→DU TX
	DU TX
MT RX

	Maximum number of guard symbol: 
 is the MT RX-to-DU TX switching interval of IAB node
Range of ：[1, 2]

	DU RX→MT TX
	MT TX
DU RX

	Maximum number of guard symbol: 
TA is the timing advance of IAB node MT
 is the DU RX-to-DU TX switching interval of IAB node
Range of ：[1, 2]

	MT TX→DU RX
	DU RX
MT TX

	Number of guard symbol: 
 is the MT TX-to-DU RX switching interval of IAB node
Range of ：[0, 1]

	DU TX→MT TX
	MT TX
DU TX

	Number of guard symbol: 
 is the DU TX-to-MT TX switching interval of IAB node(NOTE1)
Range of ：[1, 3]

	MT TX→DU TX
	DU TX
MT TX

	Number of guard symbol: 
 is the MT TX-to-DU TX switching interval of IAB node
Range of ：[0]

	DU RX→MT RX
	MT RX
DU RX

	Number of guard symbol: 
 is the DU RX-to-MT RX switching interval of IAB node (NOTE2)
Range of ：[0]

	MT RX→DU RX
	DU RX
MT RX

	Number of guard symbol: 
is the MT RX-to-DU RX switching interval
Range of ：[1, 3]

	NOTE1: The switching interval of TX-to-TX depends on the power gap between access and backhaul links. If the power gap is small, the switching interval is close to zero; otherwise, it can be 3µs according to 38.104.
NOTE2: The switching interval of RX-to-RX depends on the power gap between access and backhaul links.



image3.emf
13

S

T

p

2 3 4 5 0 1

IAB node

DU downlink

IAB node

MT downlink

8 9 10 11 6 7 12

13

NA

0

H

TX-to-RX switching gap

RX-to-TX switching gap

T

p

12

H

1

H


image4.emf
D D D F U D F D U D

HD N/A SD SF HU HF SF HD SU HD

Bitmap: 0 1 1 1

0 1

1

1


image1.emf
13

H

T

p

2 3 4 5 0 1

IAB node

DU downlink

IAB node

MT downlink

8 9 10 11 6 7 12 13

0

H

TX-to-RX switching gap

RX-to-TX switching gap

T

p

12

H

1

H


image2.emf
13

H

T

p

2 3 4 5 0 1

IAB node

DU downlink

(configured)

IAB node

MT downlink

8 9 10 11 6 7 12 13

0

H

TX-to-RX switching gap

RX-to-TX switching gap

T

p

12

H

1

H

13

IAB node

DU downlink

(Actual)

0

12

H

1

H


