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1 Introduction

In the last meeting, following agreements were made regarding on resource multiplexing among backhaul and access links. [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


In this contribution, we provide our views on multiplexing issues in IAB environment.
2 Indication of D/U/F resources
2.1 DU resource configuration

MT resource configuration is based on UD configuration for access UEs, so it can be configured by multiple steps 1) cell-specific configuration based on TDD-UL-DL-ConfigCommon, 2) MT-specific configuration based on TDD-UL-DL-ConfigDedicated, and 3) dynamic configuration based on DCI format 2-0. However, how to configure DU resource configuration (D/U/F) is not discussed yet. Even if the F1AP signalling design is up to RAN3, supported resource patterns and configuration granularity should be determined by RAN1.

A DU can have multiple child MTs and each child MT can have independent MT configuration. In some time resources, resource directions for all child MTs can be aligned to downlink (or uplink). Then, in DU resource configuration, these resources may also be configured to downlink (or uplink). On the other hand, in some time resource, resource directions can be mismatched among child MTs. These resources would be configured to flexible resource in DU configuration. It means that resource direction pattern in DU configuration is not expected to be very different with cell-specific MT resource configuration. So, it seems that a reasonable DU resource configuration is based on TDD-UL-DL-ConfigCommon configuration scheme. But, it should be modified in order to support additional resource direction patterns as will be shown in the next section.
Proposal 1: DU configuration scheme is based on TDD-UL-DL-ConfigCommon configuration, but it needs to be modified considering additional resource direction patterns.
2.2 Additional D/U/F resource pattern for backhaul link

To support SDM/FDM between MT and DU, new resource direction pattern(s) in addition to the legacy D-F-U pattern may be necessary. 

Let’s assume that IAB node B has parent node A and child node C as shown in Figure 1. In Figure 2 ~ 4, examples on resource direction pattern and timing for node A, B, and C are shown, where PXY means the propagation delay between node X and node Y. Figure 2 illustrates resource direction pattern and timing for each node when only the legacy resource direction patterns are supported for IAB nodes. In this case, in a IAB node perspective, MT and DU have the same resource directions at the same time, so MT and DU operation should be TDMed and SDM/FDM cannot be supported. 
On the other hand, to support SDM/FDM in as many resources as possible, MT and DU should have the opposite resource direction at the same time as depicted in Figure 3. In this figure, DgNB A has D-F-U resource pattern, so MT resource of IAB node B also has D-F-U resource pattern. For SDM/FDM between MT and DU for IAB node B, DU and MT needs to have the opposite resource direction. So, the front part of DU resource should be uplink and the latter part of DU resource should be downlink. Therefore, U-F-D resource pattern is required for efficient multiplexing among MT and DU. However, because MT downlink reception and MT uplink transmission have different slot boundary, there should be some guard time between downlink resource and uplink resource. Therefore, the front part and/or the latter part of resource pattern boundary should be used to guard resource. To reflect this guard resource in the new resource pattern, following configuration schemes can be considered.

· Option 1: New resource direction pattern F-U-F-D-F is supported. In this scheme, the front and/or the latter flexible resource can be used as guard resource for downlink to uplink switching. 
· Option 2: New resource direction pattern U-F-D is supported. Guard resource for downlink to uplink switching is configured to NA resource.
Another point to consider for SDM/FDM between MT and DU is the support of access UEs. Since access UEs only support the legacy resource patterns, the DU resource direction pattern like U-F-D or F-U-F-D-F is not suitable to support access UEs. In order to sharing the resource with access UEs while supporting SDM/FDM between parent and child backhaul links, DU operation for access UEs and child MTs needs to be TDMed. For this operation, we can consider following options.
· Option A: New resource pattern which can support TDM between access and backhaul link within the pattern is introduced. For example, the new resource pattern can have D-F-U-F-D-F-U as shown in Figure 4. In the figure, IAB node B can support child MTs in blue colored DU resource while support access UEs in gray colored DU resource. In this case, parent backhaul link and access link are TDMed and parent backhaul link and child backhaul link can be SDM/FDMed.
· Option B: Two resource patterns are applied alternately where one pattern is the legacy resource pattern and the other one is the new resource pattern. Then, DU can support access UEs in slot resource with legacy slot format. 
· Option C: To make resource pattern and configuration scheme simple, different resource direction pattern can be applied to access UE and child MT. It means that a DU can be configured DU resource configuration independently for access link and backhaul link. For example, DU configuration for access link can have D-F-U pattern whereas DU configuration for backhaul link has U-F-D or F-U-F-D-F pattern. This option is similar to Option A, but have simpler resource pattern.
As shown in above Option A-C, several schemes can be considered to support both of access UEs and child MTs. To simplify supported additional DU resource patterns and configuration scheme, we need to consider Option C which is to introduce separated DU configuration for access link and backhaul link.
Proposal 2: For SDM/FDM between MT and DU, DU and MT resource support new resource direction pattern U-F-D or F-U-F-D-F.

Proposal 3: If SDM/FDM between MT and DU is supported, DU configuration can be configured separately for access link and backhaul link.
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Figure 1. An example of IAB scenario
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Figure 2. Legacy slot pattern (TDM between MT and DU)
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Figure 3. SDM/FDM between MT and DU
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Figure 4. SDM/FDM between MT and DU considering access UE
3 Indication of H/S/NA resources
3.1 Slot timing for H/S/NA indication for the DU resource configuration

For DU configuration, DU resource configuration (DL/UL/F) and H/S/NA indication on the DU resource configuration are configured. In the last meeting, the time reference for H/S/NA indication was discussed [1]. One option is that H/S/NA indication is applied relative to the DU resource configuration and another option is that H/S/NA indication is applied relative to the MT resource configuration.
· Option 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.

· Option 1b: H/S/NA is applied relative to the MT resource configuration (D/U/F) slot timing.
In Option 1a, H/S/NA indication is applied relative to the DU resource configuration, and resource availability of MT resource can be determined by the H/S/NA indication. Because of propagation delay between MT and parent DU, timing gap is occurred between DU and MT slot boundary. In general, MT DL slot boundary is located after DU DL slot boundary and MT UL slot boundary is before DU UL slot boundary. Therefore, the timing gap should be reflected to obtain MT resource availability from H/S/NA indication. CU determines and configures RRC configuration for each child MT such as semi-static data scheduling or signal/measurement related configurations. Therefore, the CU needs to know the actual resource availability information of child MTs, and the timing gap information for each child nodes should be delivered to CU.
On the other hand, in Option 1b, H/S/NA indication is applied relative to the MT resource configuration. Resource availability of DU resource is obtained from the H/S/NA indication, and the timing gap between DU and MT slot boundary should be reflected similar to the first option. For each DUs, CU determines and configures semi-static data/signal transmission resources and available resources for child link considering interference among DUs. For this operation, the CU is required to know the actual resource availability information for each DUs. Therefore, the CU should know the timing gap information between DU and MT similar to Option 1a.
In both of Option 1a and 1b, the CU needs to get the timing gap information between DU and MT for each child nodes. Considering multiplexing management aspect between DUs, it seems efficient to use DU slot timing which is consistent and absolute among CU/DUs, rather than MT slot timing which can be changed and is not aligned among DUs. Therefore, it seems reasonable that H/S/NA indication is applied relative to the DU resource configuration slot timing.
Proposal 4: H/S/NA indication is applied relative to the DU resource configuration (D/U/F) slot timing.
3.2 MT resource availability determination 
When H/S/NA indication is configured to DU and it is applied relative to the DU resource configuration, resource availability of MT resource can be determined based on the H/S/NA indication.
An example of MT resource availability determination is illustrated in Figure 5. In this figure, DU symbols #0 ~ #2 and #6 ~ #9 are configured to NA and symbols #3 ~ #5, and #10~#13 are configured to Hard resource. Figure 5. (a) shows MT downlink resource availability DU has downlink resource direction. When both of MT and DU are in downlink, MT symbols #2, #3, #9, #10, and #11 become not available resource for MT operation since these resources are indicated to DU Hard resource. In this case, MT symbols #1, #4, #8, and #12 are also not available for MT since part of symbol resource is occupied for DU operation. If the entire area of the MT symbol is indicated to NA for DU operation, the symbol is available for MT operation such as MT symbols #0, #5, #6, #7, and #13 where soft resource is not configured in this example. But if a MT symbol resource is indicated to Soft resource or Soft + NA resource in DU perspective, the MT symbol can be interpreted as a symbol where availability has not been determined. 
In Figure 5.(b), (c), and (d) show resource availability determination for other MT and DU resource direction cases. Since MT downlink, MT uplink, DU downlink, and DU uplink have different slot timing, the amount of relative slot timing gap depends on the resource direction of MT and DU. Therefore, availability of MT symbols also depends on the resource direction of MT and DU. For example, MT uplink and DU downlink case in Figure 5. (c), MT symbols #2 ~ #3 and #8 ~ #10 are available for MT operation and the result is different with MT downlink and DU downlink case. It is because MT uplink reception timing is ahead of MT downlink transmission timing by TA. 
As discussed in the previous section, CU also needs to know the actual resource availability information of MT, so the timing gap information between DU and MT to obtain the MT resource availability should be delivered to CU. In this contribution, we considered two ways to deliver the timing gap information to CU.
· Option A. Reporting the timing gap value

The relative timing gap between MT and DU is shown in Table 1. In the table, the value of relative timing gap (GT,XY) is shown depending on MT and DU resource direction, where X and Y are MT and DU resource direction respectively. In addition, followings are assumed in the table.

· TA is the timing gap between MT uplink Tx timing and MT downlink Rx timing.
· TAoffset is the timing gap between DU uplink Rx timing and DU downlink Tx timing.

· DU downlink TX timing is ahead of its MT downlink Rx timing by TAd/2 + Tdelta.
Then, MT timing can be obtained as ‘MT timing = DU timing + GT,XY’, so the CU can obtain the actual MT resource availability if it know the value of GT,XY for each cases. 
Instead of delivering GT,XY for 4 resource direction cases, CU can calculate the timing gap value using TA, TAd,  Tdelta, and TAoffset. Regarding on TA value, it cannot be ensured that parent DU knows the exact TA value which is applied in MT side. Therefore, the MT needs to feedback the absolute value of TA to CU and parent DU. If the value of TAd and Tdelta are configured by RRC, these values are known to CU. But, if these values are configured by MAC CE, the values need to be reported to CU from the parent DU. Regarding on TAoffset, if CU and child DUs don’t use the same TAoffset value, TAoffset for each child DUs are also should be reported to CU. 
Table 1. The relative timing gap (GT,XY) between MT and DU

	
	MT downlink
	MT uplink

	DU downlink
	GT,DD = TAd/2 + Tdelta
	GT,UD = TAd/2 + Tdelta – TA 

	DU uplink
	GT,DU = TAd/2 + Tdelta + TAoffset
	GT,UU = TAd/2 + Tdelta – TA + TAoffset


· Option B. Reporting the number of gap symbols.

Instead of feedback the value of time gap, information about the number of gap symbols can be delivered to CU. The number of gap symbols (GS,XY) for the example in Figure 5 are shown in Table 2. These values can be determined by IAB node itself considering the timing gap between MT and DU and MT/DU switching time if necessary. In this option, without the exact timing gap information, the availability of MT resources can be obtained using these values.

Let’s assume that DU is indicated to Hard in consecutive OFDM symbols #S1 ~ #S2, and GS,X1Y1 and GS,X2Y2 indicate the number of gap symbols reflects MT and DU resource direction in symbol #S1 and #S2 respectively. Then, not available symbols for MT operation can be interpreted as #S1+GS,X1Y1 ~ #S2+GS,X2Y2+1. On the other hand, when consecutive DU symbols #S3 ~ #S4 are indicated to NA, symbols #S3+GS,X3Y3+1 ~ #S4+GS,X4Y4 are available for MT operation. For example, as shown in Figure 5, OFDM symbol #3 ~ #5 are DU Hard symbols. If both of MT and DU are in downlink during the time resource, MT symbols #3+GS,DD ~ #5+GS,DD+1 = #1 ~ #4 are not available form MT operation. 
Therefore, in Option B, CU can obtain the actual MT resource availability by acquiring the number of gap symbols for each resource direction cases.
Table 2. The number of gap symbols (GS,XY) between MT and DU

	
	MT downlink
	MT uplink

	DU downlink
	GS,DD = -2
	GS,UD = 1

	DU uplink
	GS,UD = -2
	GS,UU = 1


Proposal 5: To CU obtain the actual MT resource availability, it can be considered that MT reports a) timing gap related values in Option A or b) the number of gap symbols in Option B.
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(a) MT downlink and DU downlink
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(b) MT downlink and DU uplink
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(c) MT uplink and DU downlink
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(d) MT uplink and DU uplink
Figure 5. MT resource availability determination from DU resource availability configuration
4 IA/INA indication for soft resources
4.1 Dynamic indication of soft resource availability 
The availability of DU soft resource can be indicated by L1-based explicit signaling. For example, a group-common DCI can deliver soft resource availability information, and it can be applied until new indication is delivered.  
For soft resource availability indication, the indication can be delivered with symbol level. This scheme allows flexible allocation of IA/INA resource. However, frequent transition between IA and INA (i.e., transition between DU and MT operation) can be occurred and it causes resource waste. On the other hand, Flexibility of IA/INA resource allocation can be restricted. For example, single IA/INA indication can be applied to the entire soft resource during a certain duration in a DU perspective. It means that all soft resource can be indicated to IA or INA. This scheme cannot provide flexible IA/INA resource composition but minimize resource waste and simplify indication scheme.
When downlink or uplink traffic is occurred to a DU, all or most of soft resources can be indicated to IA and utilized for communication via child link(s). On the other hand, when a MT needs to transmit uplink data or receive downlink data, soft resources needs to be indicated to INA so as many resources as possible can be utilized for communication via parent link(s). Therefore, if there is no strong reason to allow flexible composition of IA/INA resource, restriction of flexible IA/INA indication of soft resource can be considered. 
Proposal 6: Flexibility of IA/INA resource allocation needs to be restricted.
4.2 IA request for soft resource
The availability for DU soft resource is indicated by a parent node. When a parent node determines its child node requires more resources for MT operation, it can indicate more DU soft resources to INA. On the other hand, if the parent node thinks that its child node requires many resources for DU operation, it can makes more DU soft resources to IA. The soft resource availability is controlled by its parent node, not itself. Therefore, even if an IAB node wants to use more soft resource for DU operation (or MT operation), it cannot control it. The problem is that its parent node does not know the needs, so it cannot configure soft resource availability properly. 
For example, when an IAB node receives scheduling request from its child node, it would be desirable to allocate more resources for DU operation and complete uplink data reception quickly from its child node. However, since its parent node cannot know the node requires more DU resources, it cannot allocate DU soft resource appropriately. Therefore, for efficient soft resource management, we propose that an IAB node can request to make DU soft resource to be available to its parent node. This request (i.e., IA request) can help traffic management in IAB environment as shown in Figure 6. When an UE wants to transmit uplink data to IAB node 1, it transmits scheduling request to the node. However, if the node have large portion of INA soft resource, it may be hard to receive uplink data from the UE smoothly. To solve this problem, the node transmits IA request to the parent node and the parent node indicates many soft resources to be IA. This procedure makes soft resources to be utilized appropriately. 
Another example of the usefulness of IA request is illustrated in Figure 7. In this figure, a parent node transmits large amount of downlink data to an IAB node. But at some point, the buffer of the node can be full, so it cannot receive downlink data anymore. In this case, the node can transmit IA request to the parent node to inform that it wants to stop receiving data and deliver the buffered data to its child nodes/UEs. After receiving this IA request, the parent node indicates soft resource of the node to IA, and the node can deliver the data to its child nodes/UEs.
Proposal 7: It is considerable that an IAB node request its DU soft resource availability to its parent node.
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Figure 6. An example of IA request for uplink data reception
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Figure 7. An example of IA request for downlink data reception stopping
5 Conclusion 

In this contribution, we discussed on multiplexing issues in IAB environment and obtained following proposals.
Proposal 1: DU configuration scheme is based on TDD-UL-DL-ConfigCommon configuration, but it needs to be modified considering additional resource direction patterns.
Proposal 2: For SDM/FDM between MT and DU, DU and MT resource support new resource direction pattern U-F-D or F-U-F-D-F.

Proposal 3: If SDM/FDM between MT and DU is supported, DU configuration can be configured separately for access link and backhaul link.

Proposal 4: H/S/NA indication is applied relative to the DU resource configuration (D/U/F) slot timing.
Proposal 5: To CU obtain the actual MT resource availability, it can be considered that MT reports a) timing gap related values in Option A or b) the number of gap symbols in Option B.
Proposal 6: Flexibility of IA/INA resource allocation needs to be restricted.
Proposal 7: It is considerable that an IAB node request its DU soft resource availability to its parent node.
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