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1. Introduction
At the RAN1#97 meeting, the mechanisms for resource multiplexing among backhaul and access links were discussed and following agreements were made [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 receving SR at DU
· The parent does not need to be aware of the cell-specific signals/channel configurations of the child DU
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.
· Soft resources at a child node.



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	Semi-static resource configuration for DU
At the last RAN1 meeting, a semi-static resource configuration for DU was discussed and following 4 alternatives are under consideration.

Alt. 1: H/S/NA is explicitly indicated
1a: H/S/NA is applied relative to the DU resource configuration slot timing
1b: H/S/NA is applied relative to the MT resource configuration slot timing
1c: H is applied relative to the DU(/MT) resource configuration slot timing. S/NA is implicitly indicated.
Alt. 2: NA is explicitly indicated for both DU and MT configuration. H/S is implicitly indicated.

For the down selection, the alternatives and major discussion points for a semi-static DU resource configuration are listed in Table 1. 

Table 1. Alternatives and major discussion points for semi-static DU resource configuration
	　
	Alt 1a
	Alt 1b
	Alt 1c
	Alt 1c'
	Alt 2

	Indication for MT
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	NA
	-

	MT D/U/F configuration
	D/U/F
	D/U/F
	D/U/F
	D/U/F
	D/U/F
	D/U/F
	D/U/F
	D/U
	F
	D/U/F
	D/U
	F
	D/U/F
	D/U/F
	D/U/F

	Indication for DU
	H
	S
	NA
	H
	(S)
	NA
	H
	null
	H
	null
	NA
	-
	-

	DU resource
	H
	S
	NA
	H
	S
	NA
	H
	NA
	S
	H
	NA
	S
	NA
	H
	S

	Configuration timing
	DU
	DU
	DU
	MT
	MT
	MT
	DU
	-
	-
	MT
	-
	-
	DU
	MT
	-

	1. Resource configuration misalignment
	Yes
	No
	Yes
	No
	No

	2. inter-frequency MT DU operation
	Yes
	Yes
	Yes
	Yes
	should be considered

	3. joint indication for dynamic indication
	Not necessary
	Not necessary
	Necessary
	Necessary
	Not necessary

	4. H/S/NA information at CU
	Yes
	Yes
	Yes (implicitly)
	Yes (implicitly)
	Yes (implicitly)

	5. signaling contents
	H/S/NA
	H/NA/null
	H/null
	H/null
	MT-NA/DU-NA/null



1. Resource configuration misalignment between MT DL-H (Rx) and DU DL-H (Tx)
An example of a resource configuration misalignment between MT DL-H (Rx) and DU DL-H (Tx) is shown in Fig.1. Resource types of slot n and slot n+1 are DL, and a hard MT resource for slot n and a hard DU resource for slot n+1 are indicated. As shown in Fig.1, a resource overlapping is happened between the symbol number 13 in slot n for MT DL (Rx) and the symbol number 0 in slot n+1 for DU DL (Tx), due to propagation delay for the reception timing of the symbol number 13 in slot n at MT. In order to avoid the resource configuration misalignment, it is considered that semi-static DU configurations are indicated at a MT resource configuration (D/U/F) slot timing, as in Alt 1b, Alt 1c’, and Alt 2, and an IAB node can handle the misalignment, e.g. a resource is not assigned for the symbol number 0 in slot n+1. Otherwise, the misalignment might be inevitable, so that Alt 1a and Alt 1c are not decent configurations in this aspect.

[image: ]
Figure 1: Example of resource misalignment between MT DL-H (Rx) and DU DL-H (Tx)

2. Inter-frequency MT DU operation
In case of an intra-frequency operation between MT and DU, a hard MT resource indicates an NA DU resource, and an NA MT resource indicates a hard DU resource implicitly as in Alt 2. On the other hand, considering an SDM operation or an MT-DU inter-frequency operation, H/S/NA resources can be assigned with a hard MT resource configuration. Therefore, additional operation should be considered for MT-DU inter-frequency operation for Alt 2.

3. Joint indication for dynamic indication
As shown in Table 1, for Alt 1c and Alt 1c’, a soft DU resource can’t be indicated while an MT D/U resource indication, and an NA DU resource can’t be indicated while an MT F resource indication. Thus, whenever a CU attempts to indicate soft DU resources, flexible resources shall be indicated for the MT, so that dynamic indications of D/U/F for the MT flexible resource and availability for the DU soft resource shall be indicated jointly for Alt 1c and Alt 1c’. 

4. H/S/NA information at CU
Irrespective of whether DU resource types are indicated explicitly or not (implicitly), a CU has all information of semi-static DU resource configuration of IAB nodes since the CU indicates the DU resources with D/U/F and H/S/NA. Thus, the difference among alternatives is how to indicate the configurations for IAB nodes, and any feedback of H/S/NA resource information from an IAB node to the CU is not necessary. The CU has to know a configuration rule, and hence the CU has to be aware of any limitation based on the configuration rule e.g., as discussed above, a soft DU resource with an MT D/U resource, and an NA DU resource with an MT F resource can’t be configured for Alt 1c and Alt 1c’.

5. Signaling overhead
A DU resource type out of three types shall be indicated for Alt 1a, Alt 1b, and Alt 2, and out of two types shall be indicated for Alt 1c and Alt 1c’. Thus, Alt 1c and Alt 1c’ have advantage for a signalling overhead.

Based on the above discussion, we conclude following observation and proposal.
Observation 1: There are no remarkable issues and additional considerations for Alt 1b, while Alt 1a, Alt 1c, and Alt 2 shows concerns without remarkable advantages. Alt 1c’ shows an advantage for signalling overhead, on the other hand dynamic indications of D/U/F for MT flexible resource and availability for DU soft resource shall be jointly indicated.

Proposal 1: The semi-static and dynamic resource configurations shall be considered simultaneously.

Proposal 2: Alt 1b is a straightforward configuration for the semi-static resource configuration. In order to reduce signalling overhead, Alt 1c’ is another alternative in which a joint indication for dynamic indication is necessary.

2.2	Dynamic indication of the availability of soft resources
2.2.1	Dynamic resource indication for IAB node
At the last RAN1 meeting, a dynamic indication of the availability of DU soft resource was discussed and following 4 alternatives are under consideration.

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 

The alternatives and signaling contents are listed in Table 2. 

Table 2 Alternatives and signaling contents for dynamic DU resource configuration
	　
	Alt 1
	Alt 2a
	Alt 2b
	Alt 3

	MT-IA
	○
	　
	　
	　

	DU-IA
	　
	○
	○
	○

	MT-D/U/F
	　
	○
	　
	○

	DU-D/U/F
	　
	　
	○
	○

	Signaling
contents
	MT-IA
	DU-IA/MT-D/U/F
	DU-IA/DU-D/U/F
	DU-IA/MT-D/U/F/DU-D/U/F



For the dynamic resource configuration for an IAB node, necessity of following three indications needs to be considered.
· DU-IA (or MT-IA) indication for DU soft resource
· D/U/F indication for MT flexible resource
· D/U/F indication for DU flexible resource
Firstly, the availability of DU soft resource shall be indicated by a parent node. Secondly, a D/U/F indication for MT flexible resource shall also be indicated as for Rel-15 UEs. Finally, considering a D/U/F indication for a DU flexible resource, it can be decided by IAB node DU scheduler according to child link traffic. In addition, centralized management of resources may cause additional overhead and delay, so that a dynamic indication of D/U/F for a DU flexible resource from a parent node may be not necessary. Therefore, we conclude following proposal.

Proposal 3: DU-IA and MT-D/U/F should be dynamically indicated to align with Rel-15 operation and to save signalling overhead.

2.2.2	Signaling design for dynamic indication
In this section we discuss details for signaling design for the dynamic indication for following information.
· DU-IA indication for DU soft resource
· D/U/F indication for MT flexible 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: Joint indication : 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
· Alt.2: Separate indication : 
· DCI Format 2_0 for MT link direction and new DCI format for availability of DU soft resource

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 link direction for MT while DU-A indicates a symbol that will not be used by MT. 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’.

Table 3 Example of slot formats for dynamic indication for IAB node
[image: ]
[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 MT resource(s) overlapped with DU soft resource(s) in a slot using slotFormats can also be considered.
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Figure 2: Example of dynamic indication for MT link direction and availability for DU soft resource

[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. Another mechanism is a separate indication of availability for DU soft resource and link direction for MT resource. Indication of link direction for MT resource follows Rel-15 mechanism and a new Alt.2 is used to indicate the availability of DU soft resource. In Alt. 2, a new DCI format is defined, e.g., a bitmap with each bit indicating IA/INA for a symbol. However, in that case, 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 is preferred. In addition, both Alt.1-1 and Alt.1-2 can be considered to indicate the new slot format consisting of MT-D/MT-U/MT-F/DU-A.

[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 of DU soft resource availability and MT’s link direction is supported. The following sub-options should be considered to indicate the new slot format consisting of MT-D/MT-U/MT-F/DU-A.
· 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

Another issue of explicit indication of availability for DU soft resource is the applicability of the indication. If DCI format 2-0 is reused, a straightforward way is to reuse mechanism in Rel-15. That is, the SFI in DCI format 2-0 indicates a slot format starting from where the IAB node detects the DCI format 2-0. In addition, the number of slots for the indication is determined by the number of slotFormats included in the slotFormatCombination, which is equal to or larger than the number of slots within a PDCCH monitoring periodicity for DCI format 2_0.

2.3	Necessary semi-static DU resource configuration for parent IAB-node
At the RAN1#96bis meeting, it was agreed that an IAB node has the ability to be made aware of the semi-static DU resource configuration (D/U/F/H/S/NA) of all its child IAB nodes, and in the case the full DU resource configuration information is not necessary, only the necessary configuration information is signaled to the IAB node. 
Figure 3 describes the resource allocation for radio links (Link_parent or Link_child), according to the agreement in the RAN1 #96bis meeting [2], with different DU resource configuration for an IAB node. First of all, the parent node should recognize the soft DU resource of the IAB node, since it indicates availability of the soft DU resource. Additionally, the parent node should recognize the hard DU resource of the IAB node, since the Link_parent is not available for the IAB node in the case of the hard DU resource configuration, except that cell-specific signal/channel for the IAB node MT is configured. It may implicitly recognize the NA resource of the IAB node, when the soft and hard DU resource is informed to the parent IAB node. 
Considering the DU resource configuration of (D/U/F), if an IAB node has capability of receiving signals from a child node and a parent node simultaneously or transmitting signals for a child node and a parent node simultaneously, the information on D/U/F for DU resource may be beneficial for the scheduling at the parent node. However, the reception or transmission timing between DU and MT within an IAB node would be different due to the timing advance (TA), and hence benefit of resource configuration information of (D/U/F) would be limited.
[image: ]
Figure 3: MT and DU resource management with different DU resource configurations for IAB node

Based on the above discussion, we have a following proposal.
Proposal 5: Parent IAB-node has the ability to be made aware of the resource type (H/S/NA) of its child IAB node.

At the RAN1 #97 meeting, it was agreed that if cell-specific signal/channel is configured for an NA or a soft not indicated available DU resource, the resource is treated as if it were a hard DU resource. On the other hands, if the resource is treated as a hard DU resource, IAB node MT will not be available for transmitting/receiving signal on Link_parent although a parent node DU would schedule a resource to the IAB node as shown in Fig. 3 (marked with a blue square). In order to avoid unnecessary resource allocation from parent node to the IAB node, a parent node should know the hard DU resource treated by IAB node as in the semi-static DU resource configuration (H/S/NA). 

Figure 4 shows an example of resource types of an IAB node with a semi-static DU resource indication and treated as a hard DU resource. As shown in Fig.4, periodicity of the semi-static DU resource indication is relatively short span, e.g. every slots/subframes/frames, and the same indication may be applied repeatedly. On the other hands, periodicity of the hard DU resource is relatively long span, e.g. every 160msec/320msec/640msec. Therefore, indications of the semi-static DU resource and the hard DU resource shall be separated, e.g. the semi-static DU resource is indicated every slots/subrames/frames with applying the repetition, and the hard DU resource is indicated with a hard resource pattern within a slot/subframe/frame, periodicity, and offset.

[image: ]
Figure 4: Example of resource types of IAB node with semi-static DU resource indication and treated as DU H resource.

Proposal 6: Parent IAB-node has the ability to be aware of the hard DU resource treated by its child IAB-node.

Proposal 7: Indications of the semi-static DU resource and the hard DU resource from IAB node to its parent node shall be separated.

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.

Observation 1: There are no remarkable issues and additional considerations for Alt 1b, while Alt 1a, Alt 1c, and Alt 2 shows concerns without remarkable advantages. Alt 1c’ shows an advantage for signalling overhead, on the other hand dynamic indications of D/U/F for MT flexible resource and availability for DU soft resource shall be jointly indicated.

Proposal 1: The semi-static and dynamic resource configurations shall be considered simultaneously.

Proposal 2: Alt 1b is a straightforward configuration for the semi-static resource configuration. In order to reduce signalling overhead, Alt 1c’ is another alternative in which a joint indication for dynamic indication is necessary.
Proposal 3: DU-IA and MT-D/U/F should be dynamically indicated to align with Rel-15 operation and to save signalling overhead.
Proposal 4: For explicit indication of soft resource availability, SFI-like indication via DCI format 2-0 for joint indication of DU soft resource availability and MT’s link direction is supported. The following sub-options should be considered to indicate the new slot format consisting of MT-D/MT-U/MT-F/DU-A.
· 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
Proposal 5: Parent IAB-node has the ability to be made aware of the resource type (H/S/NA) of its child IAB node.
Proposal 6: Parent IAB-node has the ability to be aware of the hard DU resource treated by its child IAB-node.
Proposal 7: Indications of the semi-static DU resource and the hard DU resource from IAB node to its parent node shall be separated.
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