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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#97 meeting, the conclusion related to resource multiplexing between parent backhaul and access/child backhaul is as following:

Conclusion:
[bookmark: _GoBack]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.

In RAN1#98 meeting, the agreements related to resource multiplexing between parent backhaul and access/child backhaul are as following:

Agreements:
· In Rel-16 for IAB backhaul, only existing slot pattern durations are supported. 

Agreements:
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
Agreements:
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

Agreements:
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 signalling 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
Agreements:
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, we focus on the resource partitioning between parent backhaul and access/child backhaul link.
2 Discussion
2.1 Indication of slot formats with sequence order UL-Flexible-DL
It is already agreed that semi-static configuration of sequence order UL-flexible-DL is supported to address the resource partitioning in a multi-hop IAB network. Regarding whether dynamic signaling is supported or not, it is still FFS. In our view, the motivation for sequence order UL-flexible-DL is mainly for SDM/FDM multiplexing among different hops. Although SDM/FDM is out of scope of the NR R16 IAB WID objective, it is better to consider SDM/FDM for forward compatibility. NR R15 support symbol-level slot configuration by DCI 2_0, and the transmission direction can change per symbol. In a multi-hop IAB network, if the slot configuration of one hop is configured by DCI 2_0 to be one entry of the table in TS 38.213 which starts with “D” symbol, then the slot format for the next hop should be a slot format starting with “U” symbol for SDM/FDM multiplexing between these two hops. It can be concluded that dynamic signaling of sequence order UL-flexible-DL can enable efficient resource multiplexing among different hops, so we prefer supporting dynamic signaling of sequence order UL-flexible-DL.
Proposal 1: Support dynamic signaling of sequence order UL-flexible-DL. 
2.2 Explicit indication of DU-IA
Regarding the soft resource for DU, it is necessary to indicate whether it is available or not. There are two alternatives for DU-IA indication: per resource type or per slot. We prefer per slot indication, as it is more straightforward with legacy slot format indication. With per slot indication, DU-IA can be considered as one of transmission direction similar to “D”, “F” and “U” in NR R15, and it can indicate the availability of soft resource per symbol, which is more flexible. Meanwhile, per slot DU-IA indication can be considered as a new slot format, which can be indicated by DCI 2_0. The legacy design can be largely reused. 
Proposal 2: Support per slot DU-IA indication.
Proposal 3: Support DU-IA indication by DCI 2_0.
Regarding how to differentiate with legacy slot format pattern if DCI 2_0 is used, there are four alternatives:
· Alt 1: unused entries of Table 11.1.1-1 in 38.213;
· Alt 2: DCI 2_0 scrambled with a different RNTI value;
· Alt 3: DCI 2_0 with a different monitoring occasion;
· Alt 4: Different payload positon in a legacy DCI 2_0.
Proposal 4: Further study how to use DCI 2_0 to indicate per slot DU-IA and down select among the following alternatives:
· Alt 1: unused entries of Table 11.1.1-1 in 38.213;
· Alt 2:  DCI 2_0 scrambled with a different RNTI value;
· Alt 3: DCI 2_0 with a different monitoring occasion;
· Alt 4: Different payload positon in a legacy DCI 2_0.
Regarding whether to support joint indication of MT/DU resource type and DU-IA, we prefer to support joint indication of MT resource type and DU-IA in a single DCI 2_0. The reason is that signalling overhead can be reduced and both MT/DU resource type and DU-IA can be carried by DCI 2_0 simultaneously, and the joint indication is for resource partitioning between backhaul and access link, which are to share the same monitoring periodicity.
Proposal 5: Support joint indication of MT resource type and DU-IA in a single DCI 2_0.
2.3 Consideration of delay in a multi-hop IAB system
In a multi-hop IAB system, when DCI 2_0 is used to indicate how to update the soft resources for a DU, , a child node’s DU needs to decode the DCI 2_0 first to determine the DCI 2_0 to be transmitted for the next hop. There is processing delay and scheduling delay. The delay can be symbol level or slot level. So the DCI 2_0 transmission occasion may be different for IAB nodes with different hop orders. The applicable symbols/slots may be also different for DCI 2_0 transmitted by IAB nodes with different hop orders.
As shown in Fig 1 and Fig 2, there are two schemes:
· Scheme 1: DCI 2_0 indicates the slot format for all slots/symbols between two adjacent DCI 2_0 transmissions.
· Scheme 2: DCI 2_0 indicates the slot format for only the flexible slot/symbols between two adjacent DCI 2_0 transmissions.
For both schemes as shown in Fig 1 and Fig 2, symbol 0/1/2/3 of slot 0 are semi-static symbols, and they are used for DCI 2_0 transmission for Node 0, Node 1, Node 2, Node 3, respectively. For example, symbol 2 of slot 0 is used by Node 2 to transmit DCI 2_0, then it can only be indicated by “A” for Node 1 and Node 3, and it can be indicated as downlink or uplink by Node 0. So we define symbol 0/1/2/3 of slot 0 as semi-static symbols/slots and others as flexible symbols/slots.
For Scheme 1, DCI 2_0 is used to indicate both the semi-static and flexible slots/symbols, so the effective duration is between two starting symbols of adjacent DCI 2_0 transmissions. In NR R15, DCI 2_0 applied from the slot boundary rather than the symbol boundary, while in Scheme 1, if the DCI 2_0 transmitted by any of the IAB node is not starting from the slot boundary, then the indicated slot format should apply from the corresponding symbol boundary.


Fig 1. Scheme 1 to indicate both semi-static and flexible symbols/slots
For Scheme 2, only the flexible symbols are indicated by DCI 2_0. The cons over Scheme 1 is that the applicable range of DCI 2_0 is all the same for IAB nodes with different hop orders. However, there is an offset between the DCI 2_0 transmission and the starting of the applicable range. And the offset depends on the hop order of the IAB node. For simplicity, we prefer scheme 2, and gNB explicitly configure the offset between reception of DCI 2_0 and application of content of DCI 2_0. As the configuration can be semi-static, we prefer it is by RRC signaling.


Fig 2. Scheme 2 to indicate only the flexible symbols/slots
Proposal 6: Support explicit RRC signaling to configure the offset between DCI 2_0 transmission and application.
3 Conclusion
In this contribution, we discussed the resource partitioning between parent backhaul link and access link/child backhaul link for an IAB system, and our proposals are as following:
Proposal 1: Support dynamic signaling of sequence order UL-flexible-DL.
Proposal 2: Support per slot DU-IA indication.
Proposal 3: Support DU-IA indication by DCI 2_0.
Proposal 4: Further study how to use DCI 2_0 to indicate per slot DU-IA and down select among the following alternatives:
· Alt 1: unused entries of Table 11.1.1-1 in 38.213;
· Alt 2:  DCI 2_0 scrambled with a different RNTI value;
· Alt 3: DCI 2_0 with a different monitoring occasion;
· Alt 4: Different payload positon in a legacy DCI 2_0.
Proposal 5: Support joint indication of MT resource type and DU-IA in a single DCI 2_0.
Proposal 6: Support explicit RRC signaling to configure the offset between DCI 2_0 transmission and application.
4 References
3GPP RAN1#97 chairman notes
3GPP RAN1#98 chairman notes
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