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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RANP#83, an IAB related WID is approved, and the physical layer related aspect is as following:
· Physical layer specification [RAN1-led, RAN2, RAN3, RAN4]:
· Specification of SSB/RMSI periodicity for NR initial access assumed by an IAB-node.
· Specification of extensions to Rel. 15 to support the use of SSBs orthogonal to SSBs used for UEs (via TDM and/or FDM), for inter-IAB-node discovery and measurements, including additional SMTC periodicities and time-domain mapping of SSB locations (e.g. enable muting patterns to deal with half-duplex constraint). 
· Specification of extension of RACH occasions and periodicities for backhaul RACH resources. w.r.t. access RACH resources, and associated network coordination mechanisms for selection of such parameters (in order to orthogonalize access and BH due to the half-duplex constraints) 
· Specification of mechanisms for resource multiplexing among backhaul and access links. This includes: 
· Specification of semi-static configuration for IAB-node/IAB-donor DU resources in case of TDM operation subject to half-duplex constraint. This shall be forward compatible to allow the support of half-duplex scenarios with FDM and SDM resource sharing among backhaul and access links. 
· Specification of time resource types for the DU’s child links: DL hard, DL soft, UL hard, UL soft, Flexible hard, Flexible soft, Not Available 
· Specification of dynamic indication (L1 signalling) of the availability of soft resources for a child IAB-node DU 
· Specification of required transmission/reception rules for IAB-nodes and associated behaviours regarding time resource utilization as discussed in TR 38.874 clause 7.3.3.
· Specification of mechanism to support the “case-1” OTA timing alignment.

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 this contribution, we focus on the resource partitioning of resources between parent backhaul and access/child backhaul link.
This contribution is an update of R1-1812786.
2 Discussion
2.1 Resource partitioning granularity
The traffic supported by the IAB network should contain at least eMBB, URLLC, mMTC, which is supported by the requirements of NR. These different traffics have different requirements on time domain resources. eMBB utilizes large time/frequency domain resources, and it can tolerate a bit scheduling delay. URLLC utilizes large or small time/frequency domain resource and it needs to be scheduled as early as possible for the low latency requirement. mMTC can tolerate the largest time domain scheduling delay, while it relies on multiple repetitions in time domain to get coverage enhancement gain. When the parent backhaul link is used by eMBB traffic, and there is URLLC traffic in the access link/child backhaul link, when only TDM can be utilized among the parent backhaul link and access link/child backhaul link, then some of the time domain resources of parent backhaul link should be rescheduled for the access link/child backhaul link to support the URLLC traffic. In this case, semi-static resource partitioning among different links can NOT satisfy the latency requirement of the URLLC traffic, and dynamic resource partitioning at symbol or symbol group level is necessary.
The channel status of parent backhaul link and access link/child backhaul link of an IAB node may also change dynamically, especially in high frequency band, the beamformed signal is easy to be shadowed by a building or a car, making the channel characteristic more dynamic. To increase the transmission efficiency, the signal should be allocated to the most suitable time/frequency resource, which makes dynamic resource partitioning among different links and dynamically adapted FDM/SDM/TDM multiplexing more favorable. In this case, dynamic resource partitioning at symbol or symbol group level is also necessary. So here is our first proposal:
Proposal 1: Support dynamic resource partitioning at symbol or symbol group level between parent backhaul link and access link/child backhaul link for efficient multiplexing.
2.2 Resource coordination among parent backhaul link and access link/child backhaul link
In NR R15 specification, DCI 2_0 is used to indicate the slot format for one or multiple continuous slots. The slot format can indicate whether a symbol is used as DL, UL or flexible resources. The symbol indicated as F by DCI 2_0 can be further scheduled by DL assignment (e.g. DCI 1_0, DCI 1_1) or UL grant (e.g. DCI 0_0, DCI 0_1). When it is scheduled by DL assignment, it is a DL symbol. When it is scheduled by UL grant, it is a UL symbol. The slot format indication is per slot. Each slot contain 14 symbols, so with a slot format indication, all symbols’ format of the slot are indicated. The time scale of slot format indication is configurable. When a single DCI 2_0 indicates slot format for M slots, the time scale is M slots.
To enable dynamic resource partitioning between parent backhaul link and access link/child backhaul link of an IAB node, DCI 2_0 can be reused. DCI 2_0 can indicate which slot/symbol/symbol group is used for parent backhaul link and which is used for access link/child backhaul link. DCI 2_0 can be transmitted by the parent node to the child node. The child node should follow the slot format indication from the parent node. DCI 2_0 can be transmitted in common search space.
Proposal 2: Reuse DCI 2_0 for slot/symbol/symbol group level resource partitioning among parent backhaul link and access link/child backhaul link of an IAB node.
Regarding how to reuse DCI 2_0 to indicate resource partitioning, there are two options:
· Option 1: Use “F” indicated in DCI 2_0 to indicate the resource for child IAB node’s access link/child backhaul link;
· Option 2: Add another state “A” indicated in DCI 2_0 to indicate the resource for the child IAB node’s access link/child backhaul link.
For Option 1, the pros is that the slot format defined in NR R15 can be reused. The cons is that the child IAB node can NOT differentiate the resources used for its parent backhaul link’s flexible resource and the resource for its access link/child backhaul link. Or alternatively, there is an additional restriction that there is no flexible resource in the indicated slot format, and only DL for parent backhaul link, UL for parent backhaul link and resource for access link/child backhaul link. With this restriction, some scheduling flexibility is lost.
For Option 2, there is an additional symbol state. The legacy slot format table needs to be updated to accommodate it. The advantage is that it can keep the scheduling flexibility for the parent backhaul link with the state “F”, and meanwhile it can indicate the slot/symbols for the access link/child backhaul link. It is not necessary to differentiate the DL, UL and flexible resources for the access link/child backhaul link, as this can be indicated in the DCI 2_0 transmitted by the child IAB node to its further child IAB node. Considering the 12 TDM pattern agreed last meeting and the flexibility of explicit indication, we slightly prefer Option 2.
Proposal 3: A new state “A” is added in addition to states “D”, “F”, “U” to explicitly indicate the resource for access link or child backhaul when DCI 2_0 is transmitted by an IAB node.
To support the new state “A”, there are two alternatives:
· 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 4: Study how to indicate the 4 states by DCI 2_0.
To indicate the 7 types of resources for a child link and indicate whether the soft resource can be changed to hard resource or not, DCI 2_0 transmitted in both parent backhaul link and child backhaul/access link can be adopted. 
For TDM case, when a time domain resource is indicated as non-available in the DCI 2_0 transmitted in parent backhaul link, it is a set of downlink soft, uplink soft, flexible soft resources for child backhaul/access link. And whether the downlink soft, uplink soft, flexible soft resource can be changed to downlink hard, uplink hard, flexible hard resource or non-available is indicated by the DCI 2_0 transmitted in the child backhaul/access link.
For SDM/FDM case, when a time domain resource is indicated as downlink in the DCI 2_0 transmitted in parent backhaul link, it is uplink soft for the child backhaul/access link. When a time domain resource is indicated as uplink in DCI 2_0 transmitted in parent backhaul link, it is downlink soft for the child backhaul/access link. When a time domain resource is indicates as flexible, if there is enough time delay between PDCCH and PDSCH/PUSCH in the parent backhaul link, it can be determined to be uplink or downlink soft resources for the child backhaul/access link depending on PDSCH scheduled or PUSCH scheduled; otherwise, it is non-available for the child backhaul/access link. Regarding whether the soft resource can be changed to hard resource or non-available resource, it is indicated by the DCI 2_0 transmitted in the child backhaul/access link.
For the downlink hard, uplink hard and flexible hard time domain resource of the child backhaul/access link, it can be indicated by semi-static configuration. For the non-available time domain resource of child backhaul/access link, it can be indicated by both semi-static configuration and DCI 2_0 transmitted in child backhaul/access link.
Proposal 5: Downlink hard, uplink hard, flexible hard resource for child backhaul/access link can be indicated by semi-static configuration.
Proposal 6: For TDM case, downlink soft, uplink soft, flexible soft resource for child backhaul/access link can be indicated by DCI 2_0’s non-available transmitted in parent backhaul link.
Proposal 7: For SDM/FDM case, downlink soft, uplink soft for child backhaul/access link can be indicated by DCI 2_0’s uplink, downlink transmitted in parent backhaul link.
Proposal 8: Non-available for child backhaul/access link can be indicated by both semi-static configuration and DCI 2_0 in child backhaul/access link.
2.3 Consideration of delay in a multi-hop IAB system
In a multi-hop IAB system, when DCI 2_0 is used for resource partitioning between different links, a child node 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, 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 9: 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: Support dynamic resource partitioning at symbol or symbol group level between parent backhaul link and access link/child backhaul link for efficient multiplexing.
Proposal 2: Reuse DCI 2_0 for slot/symbol/symbol group level resource partitioning among parent backhaul link and access link/child backhaul link of an IAB node.
Proposal 3: A new state “A” is added in addition to states “D”, “F”, “U” to explicitly indicate the resource for access link/child backhaul link when DCI 2_0 is transmitted by an IAB node.
Proposal 4: Study how to indicate the 4 states by DCI 2_0.
Proposal 5: Downlink hard, uplink hard, flexible hard resource for child backhaul/access link can be indicated by semi-static configuration.
Proposal 6: For TDM case, downlink soft, uplink soft, flexible soft resource for child backhaul/access link can be indicated by DCI 2_0’s non-available transmitted in parent backhaul link.
Proposal 7: For SDM/FDM case, downlink soft, uplink soft for child backhaul/access link can be indicated by DCI 2_0’s uplink, downlink transmitted in parent backhaul link.
Proposal 8: Non-available for child backhaul/access link can be indicated by both semi-static configuration and DCI 2_0 in child backhaul/access link.
[bookmark: _GoBack]Proposal 9: 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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