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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
This is an update of R1-1900394.
In RAN1#95 meeting, the agreements related to resource multiplexing between parent backhaul and access/child backhaul is as following:
Agreements:
· Semi-static configuration should be supported for IAB node DU resources 
· Dynamic indication (L1 signalling) to an IAB node of the availability of soft resources for an IAB node DU is supported
· Existing Rel.15 L1 signalling methods are the baseline for the WI phase
· Potential enhancements (e.g. new slot formats), rules for DU/MT behaviour in case of conflicts across multiple hops, and processing time constraints at the IAB node are to be further considered in the WI stage.
Agreements:
Capture the following in the TR:
In the tables below: 
· “MT: Tx” means that the MT should transmit if scheduled 
· “DU: Tx” means that the DU may transmit
· “MT: Rx” means that the MT should be able to receive (if there is anything to receive)
· “DU: Rx” means that the DU may schedule uplink transmissions from child nodes or UEs
· “MT: Tx/Rx” means that the MT should transmit if scheduled and should be able to receive, but not simultaneously
· “DU: Tx/Rx” means that the DU may transmit and may schedule uplink transmission from child nodes and UEs, but not simultaneously
· “IA” means that the DU resource is explicitly or implicitly indicated as available
· “INA” means that the DU resource is explicitly or implicitly indicated as not available
· “MT: NULL” means that the MT does not transmit and does not have to be able to receive
· “DU: NULL” means that the DU does not transmit and does not schedule uplink transmission from child nodes and UEs
· The tables assume an IAB not capable of full-duplex operation  

In case of TDM operation, where there can be no simultaneous transmission in the DU and the MT, nor any simultaneous reception in the DU and the MT, the following are all the possible combinations of DU and MT behavior (signaling details are to be considered in the WI phase):
	DU Configuration
	MT configuration

	
	DL
	UL
	F

	DL-H
	DU: Tx
MT: NULL
	DU: Tx
MT: NULL
	DU: Tx
MT: NULL

	DL-S
	When DU resource: IA
DU: Tx 
MT: NULL 

When DU resource: INA
DU: NULL
MT: Rx
	When DU resource: IA
DU: Tx 
MT: NULL

When DU resource: INA
If DU: NULL
MT: Tx
	When DU resource: IA
DU: Tx 
MT: NULL

When DU resource: INA
If DU: NULL
MT: Tx/Rx

	UL-H
	DU: Rx
MT: NULL
	DU: Rx
MT: NULL
	DU: Rx
MT: NULL 

	UL-S
	When DU resource: IA
DU: Rx 
MT: NULL

When DU resource: INA
DU: NULL
MT: Rx
	When DU resource: IA
DU: Rx 
MT: NULL

When DU resource: INA
DU: NULL
MT: Tx
	When DU resource: IA
DU: Rx 
MT: NULL

When DU resource: INA
DU: NULL
MT: Tx/Rx

	F-H
	DU: Tx/Rx
MT: NULL
	DU: Tx/Rx
MT: NULL
	DU: Tx/Rx
MT: NULL

	F-S
	When DU resource: IA
DU: Tx/Rx 
MT: NULL

When DU resource: INA
DU: NULL
MT: Rx
	When DU resource: IA
DU: Tx/Rx
MT: NULL

When DU resource: INA
DU: NULL
MT: Tx
	When DU resource: IA
DU: Tx/Rx 
MT: NULL

When DU resource: INA
DU: NULL
MT: Tx/Rx

	NA
	DU: NULL
MT: Rx
	DU: NULL
MT: Tx 
	DU: NULL
MT: Tx/Rx



[bookmark: _Hlk529904899]In case of SDM operation, where there can be simultaneous transmission in the DU and the MT, alternatively simultaneous reception in the DU and the MT, the following are the possible combinations of DU and MT behavior:
	
	DL
	UL
	F

	DL-H
	DU: Tx
MT: NULL
	DU: Tx
MT: Tx
	DU: Tx
MT: Tx

	DL-S
	When DU resource: IA
DU: Tx 
MT: NULL

When DU resource: INA
DU: NULL
MT: Rx
	When DU resource: IA 
DU: Tx 
MT: Tx

When DU resource: INA
DU: NULL
MT: Tx
	When DU resource: IA 
DU: Tx 
MT: Tx

When DU resource: INA
DU: NULL
MT: Tx/Rx

	UL-H
	DU: Rx
MT: Rx
	DU: Rx
MT: NULL
	DU: Rx
MT: Rx

	UL-S
	When DU resource: IA
DU: Rx 
MT: Rx

When DU resource: INA
DU: NULL
MT: Rx
	When DU resource: IA
DU: Rx 
MT: NULL

When DU resource: INA
DU: NULL
MT: Tx
	When DU resource: IA
DU: Rx (only if MT is Rx and the DU knows that ahead of time) 
MT: Rx

When DU resource: INA
DU: NULL
MT: Tx/Rx

	F-H
	DU: Tx/Rx
MT: Rx (only if DU is Rx and the parent DU is aware in advance)
	DU: Tx/Rx
MT: Tx (only if DU is Tx and the parent is aware in advance)
	DU: Tx/Rx
MT: Tx (only if DU is Tx and the parent DU knows that ahead of time), Rx (only if DU is Rx and the parent DU is aware in advance)

	F-S
	When DU resource: IA
DU: Tx/Rx 
MT: Rx (only if DU is Rx and the parent DU is aware in advance)*

When DU resource: INA
DU: NULL
MT: Rx
	When DU resource: IA
DU: Tx/Rx
MT: Tx (only if DU is Tx and the parent DU is aware in advance)

When DU resource: INA
DU: NULL
MT: Tx
	When DU resource: IA
DU: Tx/Rx 
MT: Tx (only if DU is Tx and the parent DU knows that ahead of time), Rx (only if DU is Rx and the parent DU is aware in advance)

When DU resource: INA
DU: NULL
MT: Tx/Rx

	NA
	DU: NULL
MT: Rx
	DU: NULL
MT: Tx 
	DU: NULL
MT: Tx/Rx



In RAN1 NR AH#1901, agreements related to resource multiplexing between backhaul and access link are as following:
Agreements:

At least existing resource definitions (D/U/F) and semi-static and dynamic signaling methods defined in Rel-15 for access UEs are reused for configuration and indication of MT resources to be used by the backhaul link between the IAB node and its parent.
· FFS details
Agreements:
IAB-node/IAB-donor DU resources are provided by a semi-static configuration which is provided separately from the MT resource indication
· FFS: whether the configuration is per-link or per-DU 
· FFS: details for the configuration
Agreements:
Support indication of the dynamic availability of soft resources at an IAB node from a parent
· FFS details, including explicit vs. implicit indication

In this contribution, we focus on the resource partitioning between parent backhaul and access/child backhaul link.
2 Discussion
2.1 Resource indication to MT
For both semi-static and dynamic resource indication to MT, a time domain resource indicated as “F” can be used to indicate neither transmission nor reception for the MT. This can be based on NR R15 specification. Regarding whether a new state is necessary to indicate whether the time domain resource indicated as “F” can be used for the DU part of the same IAB node, there is already agreement on separate resource configuration for DU part, so the additional new state seems not necessary, as long as there is consistent configuration for the MT part and the DU part of the same IAB node. Here “consistent” means that if a time domain resource is allocated to the DU part, then it is indicated to be “F” to the MT part of the same IAB node for TDM case. 
Proposal 1: Three states- DL, UL, flexible indicated to MT for resource indication is enough if there is separate resource configuration for the DU part of the same IAB node.
2.2 Resource indication to DU
There are 7 semi-static resources types for indication to DU: DL hard, Flexible hard, UL hard, DL soft, Flexible soft, UL soft, non-available. Here “hard” means that the resource usage can be determined by the DU part of the IAB node itself, and “soft” means that the resource used at the DU part of the IAB node is further indicated explicitly or implicitly by the parent node of the IAB node. 
From signaling perspective, DL hard, flexible hard, UL hard time domain resources should be indicated semi-statically.
Regarding indication of the soft resources, there are two options:
· Option 1: Indicate three types- DL soft, Flexible soft, UL soft by semi-static signaling and further indicate whether the “soft” is changed to “hard” or “non-available by dynamic signaling;
· Option 2: Indicate only one type – soft by semi-static signaling and further indicate whether the “soft” is changed to DL hard, flexible hard, UL hard or non-available by dynamic signaling.
For Option 1, a DL soft resource can only be changed to be DL or non-available. In this case, only the ratio between DL and non-available is adjustable, and the ratio among DL, UL and flexible is determined semi-statically. While for Option 2, a soft resource can be changed to any of DL, UL, flexible and non-available, and the ratio among DL, UL, flexible, non-available can be adjusted efficiently by dynamic signaling. As the traffic for different links and interference avoidance for different links is dynamic, and Option 2 can offer more flexibility on resource allocation, we slightly prefer Option 2.
Proposal 2: DL soft, flexible soft, UL soft resources are indicated together as soft resources by semi-static signaling. Whether the soft resource is changed to be DL soft, UL soft, flexible soft or non-available is indicated further by dynamic signaling. 
Regarding indication of non-available resources, both semi-static signaling and dynamic signaling will contribute to it. Some of the time domain resources can be indicated semi-statically as non-available similar as the indication to DL/UL/flexible hard resources. In addition to semi-static signaling, dynamic signaling can also indicate that some of the semi-statically indicated soft resources is changed to be non-available resources. This is another source of non-available resources.
Regarding indication of whether the soft resource is to be DL, UL, flexible or non-available, dynamic signaling similar to DCI 2_0 can be reused. The dynamic signaling can only apply to the soft resources indicated by semi-static signaling. There are 4 types for indication: DL, UL, flexible, non-available. While legacy DCI 2_0 can only differentiate among three types: DL, UL, flexible, so enhancement to current slot format table or to DCI 2_0 is necessary. There are mainly two alternatives for indication of the 4 types:
· Alternative 1: Introduce new entries to the current slot format table in NR R15.
· Alternative 2: 2 bits are used to indicate one of four states for each symbol group. RRC signaling is used to configure the payload position in DCI 2_0.
Alternative 1 can use the reserved states in R15 slot format table. However, the restriction is that the slot format is defined for each slot, and it always consumes 8 bits for slot format indication of a slot. For example, if the symbol group size is 7, Alternative 2 consumes only 4 bits for a slot, while Alternative 1 still uses 8 bits. And it needs specification work to pre-select possible slot formats to fill the slot format table.
Alternative 2 is more flexible if combined with symbol group size configuration. In this case, each symbol group is indicated by 2 bits. The symbol group size can be 2 or 7, which can divide 14. The symbol group size can also be 3 or 4, if the number of slots to be indicated is multiples of 3 or 4 (e.g. 3 slots or 4 slots, respectively). So the number of indication bits for each slot on average depends on the size of symbol group size.
Proposal 3: Reuse DCI 2_0 to indicate 4 possible resource types (DL, UL, flexible, non-available) for the soft resources indicated by semi-static signaling.
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. 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.


Fig 2. Scheme 2 to indicate only the flexible symbols/slots
Proposal 4: Study the applicable range of DCI 2_0 when considering impact of DCI 2_0 processing delay in a multi-hop IAB system.
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: Three states- DL, UL, flexible indicated to MT for resource indication is enough if there is separate resource configuration for the DU part of the same IAB node.
Proposal 2: DL soft, flexible soft, UL soft resources are indicated together as soft resources by semi-static signaling. Whether the soft resource is changed to be DL soft, UL soft, flexible soft or non-available is indicated further by dynamic signaling. 
Proposal 3: Reuse DCI 2_0 to indicate 4 possible resource types (DL, UL, flexible, non-available) for the soft resources indicated by semi-static signaling.
Proposal 4: Study the applicable range of DCI 2_0 when considering impact of DCI 2_0 processing delay in a multi-hop IAB system.
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