3GPP TSG RAN WG1 #98-Bis
R1-1910646
October 14 – October 20, 2019

Chongqing, China
Agenda item:
7.2.3.2
Source: 
Intel Corporation
Title: 
Mechanisms for Resource Multiplexing among Backhaul and Access links
Document for:
Discussion and decision
1   Introduction
RAN1#98 has made the following agreements for resource multiplexing among backhaul and access links [1]. 

· In Rel-16 for IAB backhaul, only existing slot pattern durations are supported.
· Slot formats with the sequence order UL-Flexible-DL are supported for IAB-node DU resource configurations (F1-AP) and IAB-node MT resource configurations provided in dedicated RRC signaling (e.g. enhancements to the existing TDD-UL-DL-SlotConfig in TDD-UL-DL-ConfigDedicated – details up to RAN2).
· FFS: Support of dynamic indication of UL-Flexible-DL
· The H/S/NA attributes for the per-cell DU resource configuration should take into account the associated MT carrier frequency(ies).
· Note: RAN1 assumes that this is mainly needed for intra-band cases
· To handle potential misalignment in time of the configured DU and MT resources when determining the validity of H/S/NA at the DU, the following is supported:
· H/S/NA is applied/determined relative to the DU resource configuration (D/U/F) slot timing without considering the MT resource configuration or timing
· The parent DU should know the information about the misalignment between the MT and DU DL Tx/Rx / UL Tx/Rx timing(s) in order to avoid resource type conflicts
· FFS whether any explicit signaling is necessary or not
· It is up to the parent IAB node implementation and network configuration to handle any potential resource type conflicts (e.g. MT scheduling restrictions or configuration of guard symbols). The child IAB node should handle any remaining conflicts using the existing conflict resolution rules
· For the explicit indication of DU-IA
· At least DU-IA can be indicated independently of the MT resource configuration:
· FFS the DCI indicates DU-IA per-resource type (D/U/F), slot, etc.
· FFS: Whether this indication is via a new DCI format or DCI Format 2_0 using existing and/or reserved entries of Table 11.1.1-1 in 38.213
· FFS: Whether for the purpose of signaling optimization a DU/MT resource type can additionally be jointly indicated with DU-IA which overrides the flexible resources in the semi-static DU/MT resource configuration
In this contribution, based on those discussion and agreements, we further elaborate on mechanisms for resource multiplexing among backhaul and access link. 
2   Handling Potential Resource Transition Time Misalignment for the Co-located IAB DU/MT
For an IAB node, the co-located IAB DU and IAB MT have separate semi-static resource configuration from the CU. In addition, the parent DU will conduct dynamical resource scheduling for the IAB MT, while the co-located IAB DU will conduct dynamic resource scheduling for the child links. Since there are transmission propagation delay for the IAB MT to receive from the parent DU and TA is introduced for the IAB MT to transmit to the parent DU, there are potential resource transition time misalignment for the co-located IAB DU/MT, either MT RX followed by DU TX/RX or DU TX/RX followed by MT TX. 

It has been agreed in RAN1#98 that H/S/NA is applied/determined relative to the DU resource configuration (D/U/F) slot timing without considering the MT resource configuration or timing. The parent DU needs to handle the potential resource transition time misalignment for the co-located IAB DU/MT and it is FFS whether any explicit signalling is necessary or not. As the parent DU has the knowledge of all the semi-static and dynamic scheduling information for the IAB MT, we only need to consider whether explicit signalling is needed at the parent DU regarding semi-static and dynamic scheduling information for the IAB DU. In addition, it has been agreed in RAN1#96bis that an IAB node has the ability to be aware of the semi-static DU resource configuration (D/U/F/H/S/NA) of all its child IAB nodes [2]. Hence the FFS item further narrows down to the following question: whether any explicit signalling is necessary at the parent DU regarding IAB DU’s dynamic scheduling or not?  

Based on this FFS, we can have the following two solutions depending on whether explicit signalling about the IAB DU’s dynamic scheduling information is needed at the parent DU. 
· Solution 1: The parent DU manages to avoid possible time misalignment for the co-located IAB DU/MT without explicit signalling about IAB DU’s dynamic scheduling to the parent DU. 
· Solution 2: The parent DU manages to avoid possible time misalignment for the co-located IAB DU/MT with explicit signalling about IAB DU’s dynamic scheduling to the parent DU.  

In Solution 1, to avoid possible resource transition time misalignment for the co-located IAB DU/MT, the parent DU manages by not scheduling the first one/two symbols or the last one/two symbols of a slot according to existing semi-static resource configuration knowledge of the IAB DU. For example, the parent DU can avoid scheduling the last symbol at the end of consecutive MT RX, which also means the end of consecutive DU TX. Similarly, the parent DU can avoid schedule the first symbol at the beginning of consecutive MT’s TX, which also means the beginning of consecutive DU RX. In this Solution 1, the parent DU does not have the knowledge about DU’s dynamic resource scheduling.    
In Solution 2, new explicit signalling about the IAB DU’s dynamic scheduling to the parent DU is defined. The parent DU need this information to decide how to scheduling the beginning/ending symbols of a slot. For example, if MT RX is followed by DU’s non-scheduling resource, the last symbols of the slot can still be used without resource transition time misalignment.

Comparing Solution 1 and Solution 2, Solution 2 is more flexible regarding resource usage since the resources can be  scheduled more efficiently according to the IAB DU’s dynamic resource scheduling. However, it is at the expense of additional signalling to parent DU regarding the IAB DU’s dynamic resource scheduling. Solution 1 saves the additional signalling, at the expense of possible waste of usable resources. Considering the parent DU already has the knowledge regarding the IAB DU’s semi-static resource configuration to handle the possible resource transition time misalignment in Solution 1 and explicit signalling about IAB DU’s dynamic resource scheduling to the parent DU in Solution 2 has high specification impact, Solution 1 is preferred for Rel-16.  
Observation 1: As an IAB node has the ability to be aware of the semi-static DU resource configuration (D/U/F/H/S/NA) of all its child IAB nodes, the parent DU can manage to avoid possible resource transition time misalignment for the co-located IAB DU/MT.

Proposal 1: For Rel-16, no explicit signalling to the parent DU about IAB DU’s dynamic scheduling in the child backhaul links.  

3   Dynamic Indication of Soft Resource Availability
The soft resource is semi-statically configured to an IAB DU, and the availability of the soft resources can be dynamically indicated from its parent node. Among several options under discussion, we prefer using two SFI indications for parent link and child links respectively, without modifying the current predefined D/F/U pattern in one slot duration in TS38.213. 
To be more specific, two SFIs can be configured to an IAB MT: one SFI is to indicate slot formats in D/F/U pattern for the MT to communicate with its parent DU (interpreted as MT-D/MT-F/MT-U); while the other SFI is to indicate slot formats in D/F/U pattern regarding the available soft resource for the co-located IAB DU to communicate with its child nodes (interpreted as DU-D/DU-F/DU-U). We illustrate the usage of those two SFIs (SFI-1 and SFI-2) in Figure 1. 
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Figure 1: Two SFIs illustration
Since currently the SFI received by an IAB MT is by default to indicate the slot formats for the parent link (MT-D/MT-F/MT-U), we can further enhance it with several options to fulfil the two SFI indications for soft resource availability. 

· Option 1: Extend the RRC IE SlotFormatCombination to include both MT and DU slot formats
In this Option 1, the two SFI indications can be indicated using similar mechanism as multi-slot SFI indications specified in Rel-15. In Rel-15, each SlotFormatCombination comprises of one or more (up to 256) slot formats, indicated by RRC parameter slotFormats. Each slot format is an integer index from 0-255, according to the predefined D/U/F pattern Table 11.1.1-1 in TS38.213 for one slot duration. 

To indicate DU’s available soft resource, the RRC IE SlotFormatCombination can be extended to include the slot formats of DU’s available soft resource for the child links. The maxNrofSlotFormatsPerCombination value should be extended accordingly. We illustrate this option in Figure 2, with each row is a slot format combination for MT and DU (if exists). 
· In slotFormatCombination#0, only one slot with slot format x(0,1) is indicated for the IAB MT;

· In slotFormatCombination#1, two slots with slot format x(1,1) and slot format x(1,2) are indicated for the IAB MT; 
· In slotFormatCombination#2, one slot with slot format x(2,1) is indicated for the IAB MT. In addition, one slot with slot format y(2,1) is also indicated for the co-located IAB DU;

· In slotFormatComination#3, two slots with slot format x(3,1) and slot format x(3,2) are indicated for the IAB MT. In addition, two slots with slot format y(3,1) and slot format y(3,2) are also indicated for the co-located IAB DU. 

· …
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Figure 2: Option 1 illustration (one SlotFormatComination can include slot formats for both MT and the co-located DU)
When an IAB MT receives DCI format 2_0 with SFI indicated to use a SlotFormatComination that includes additional field on DU slot format, it would understand that two SFIs are transmitted. Those additional parameters are indications for the DU regarding how to use the available soft resources for child links.  

When an IAB MT receives DCI format 2_0 with SFI indicated to use a SlotFormatComination that does not include additional field, it would understand that only one SFI is transmitted and no soft resource is available to use for the DU.  
· Option 2: Create independent RRC-configured slot format combinations for MT and the co-located DU, and extend DCI format 2_0 payload to include the slot format indications for MT and DU  
In this option, an IAB DU will have its own RRC-configured slot formats, independent from the co-located MT’s slot formats configuration as shown in Figure 3a. Compared with Option 1, the DU’s slot formats are not appended to MT’s slot format combinations and have DU’s own sets of RRC-configured parameters. Correspondingly, the dci-PayloadSize is extended if there existing indications for DU’s soft resource availability. We illustrate this dci-PayloadSize extension in Figure 3b.  
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Figure 3a: Option 2 illustration (slot formats for MT and the co-located DU are independently RRC-configured)
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Figure 3b: Option 2 illustration
When an IAB MT receives DCI format 2_0 with SFI indications including DU’s slot formats, it would understand that SFIs of the DU cells are appended. Those additional parameters are indications for the DU regarding how to use the soft resources for child links (DU-D/DU-F/DU-U).  

When the MT receives DCI format 2_0 with SFI indication only including MT’s slot formats, it would understand that no soft resource is available to use for the DU.  
· Option 3: Use a separate GC-PDCCH to transmit SFI for DU cells 
This option can be achieved by the following approached

· Assign a separate SFI-RNTI to differentiate the GC-PDCCH targeted for SFI indication for DU cells

· Configure a separate CORESET to differentiate the GC-PDCCH targeted for SFI indication for DU cells

· Configure a separate search space to differentiate the GC-PDCCH targeted for SFI indication for DU cells

When the MT receives DCI format 2_0 with CRC scrambled with the DU’s SFI-RNTI, or when the MT receives DCI format 2_0 in the CORESET configured for DU, or when the MT receives DCI format 2_0 the search space configured for DU, it would understand that soft resource is available to use for the DU and the soft resource usage is indicated by the corresponding SFI. Otherwise, the MT would understand that no soft resource is available for the DU. 

Proposal 2: To explicitly indicate soft resource availability, use two SFI indications for parent link and child links respectively. 
4   Conclusion

In this contribution, we discussed mechanisms for resource multiplexing among backhaul and access link. It is summarized by the following proposals. 
Observation 1: As an IAB node has the ability to be aware of the semi-static DU resource configuration (D/U/F/H/S/NA) of all its child IAB nodes, the parent DU can manage to avoid possible resource transition time misalignment for the co-located IAB DU/MT.

Proposal 1: For Rel-16, no explicit signalling to the parent DU about IAB DU’s dynamic scheduling in the child backhaul links.  

Proposal 2: To explicitly indicate soft resource availability, use two SFI indications for parent link and child links respectively. 
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