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In this contribution, we discuss the remaining details of resource multiplexing between backhaul and access links in IAB. The following open issues are addressed and the detailed specification impacts are analyzed:
· Resource conflicts handling of IAB
· Timing misalignment and guard symbols
· Cell-specific signals/channels of IAB node DU
· Multiple DU cells and MT component carriers.
· Dynamic indication of soft DU resources
Semi-static DU resource configuration
Resource conflicts handling
For semi-static resource configuration, an IAB node DU cell is configured with resource types (D/U/F) and attributes (H/S/NA) by CU via F1AP signaling. In addition, the resource configurations of IAB node DU cell (resource types and attributes) should also be known by its parent node DU via F1AP signaling by CU so that the scheduling conflict can be avoided between adjacent hops.
Both the IAB node MT and its parent node DU shall be able to determine the resources that cannot be used for backhaul link. The basic principle is that the backhaul transmission and reception should not have an impact on the usage of IAB node DU hard resources as shown in Figure 1. The timing misalignment between the MT and DU is omitted here and will be discussed in section 2.2.

Figure 1: Potential scheduling conflict on DU Hard resources
In TR 38.874 [2], Table 7.3.3-1 and Table 7.3.3-2 have already described the behaviors of MT and DU for TDM and SDM operations, respectively. According to Table 7.3.3-1, the MT behavior is defined as “NULL” on the resources that are overlapped with DU Hard resources for TDM operation, i.e. the MT does not transmit and does not need to receive on the resources that are overlapped with DU Hard resources. 
In terms of specification impact, the IAB node MT should determine all of these resources, referred to as NULL resources hereafter, based on the MT and DU resource configurations and the multiplexing type between MT and DU. In these NULL resources, the IAB node MT shall not expect to receive or transmit unicast signals and channels. Noted that it has already been agreed that the handling of cell-specific signals/channels is left to IAB implementation. 
In terms of specification impact for the parent DU, since the conflicts can be avoided by proper scheduling, there is no need to define the behaviours of parent node DU in specification.
Proposal 1: Based on the resource configurations of the MT and DU cell, and the multiplexing type between MT and DU cell, the IAB node MT can determine a set of NULL resources
· The IAB node MT does not expect to transmit unicast PUSCH or receive unicast PDSCH in the NULL resources
· The IAB node MT does not expect to monitor PDCCH candidates in search spaces for unicast DCI in the NULL resources
· The IAB node MT does not receive CSI-RS in the NULL resources
· The IAB node MT does not transmit SRS in the NULL resources
Timing misalignment and guard symbols
As discussed in [3], the timing misalignment and RF switching between MT and DU resources will have an impact on the availability of MT resources. To be more specific, the timing misalignment and RF switching interval will result in a number of guard symbols which should be known by the parent DU in order to avoid scheduling conflict as agreed in RAN1#98.
In general, the number of guard symbols for DU-to-MT switching is  and the number of guard symbols for MT-to-DU switching is , where
·  denotes the RF switching interval between MT and DU 
·  denotes the time misalignment, i.e. frame timing difference, between MT and DU
·  denotes the OFDM symbol duration
The values of  and  depend on the resource types of DU and MT (D/U/F). As an example, assuming both the MT and DU slots in Figure 2 are downlink,  is the propagation delay of backhaul link,   is the RX-to-TX or TX-to-RX switching interval
· For DU-DL to MT-DL switch, the number of guard symbols is 
· For MT-DL to DU-DL switch, the number of guard symbols is 
For TDM operation, there are eight switching patterns, and the values of  and   for all the switching patterns are listed in Table 1 in the Appendix. For different switching patterns,  and  can have different values which may lead to different number of guard symbols.
Observation 1: The number of guard symbols for DU-to-MT and MT-to-DU switch is determined by the RF switching interval, the frame timing difference between MT and DU, and the OFDM symbol duration.

Figure 2: The timing misalignment and switching interval between MT and DU resources
In RAN1#98, it was agreed that the H/S is applied relative to the DU resource configuration (D/U/F) slot timing. Because of the guard symbols, some of the symbols during DU-to-MT or MT-to-DU switch cannot be used by the IAB node MT. Both the IAB node and parent node DU need to know the number of guard symbol to avoid scheduling conflicts. Based on observation 1, the number of guard symbol is determined by  and . However, only the IAB node knows the accurate values of  and ; therefore,the IAB node should report the number of guard symbols to its parent node. 
Proposal 2: IAB node should report the number of guard symbols to its parent node for each switching pattern.
Cell-specific signals/channels of IAB node DU
In RAN1#97, it was agreed that
· 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 parent does not need to be aware of the cell-specific signals/channel configurations of the child DU
According to the definition of DU hard resource, the agreement implies that the IAB node can always receive/transmit the cell-specific signals/channels. However, if the parent node does not know the cell-specific signals/channels configurations of IAB node DU, it may schedule the MT transmission/reception on the corresponding MT NULL resources and leads to scheduling conflicts as described in Section 2.1. To solve the problem, the agreement may need to be revised, and we have the following proposal:
Proposal 3: The parent node need to be aware of the cell-specific signals/channels configurations of the IAB node DU.
Multiple DU cells and MT CCs
For an IAB node, the DU may operate with multiple cells by using multiple carriers and/or multiple panels while the MT may also support carrier aggregation for backhaul link.

Figure 3: Illustration of multiple MT CCs and DU cells
An IAB node with  MT CCs and  DU cells has  {MT CC, DU cell} pairs, and different CC-cell pairs may have different resource multiplexing types. An example is given in Figure 3, where the IAB node has two antenna panels pointing to different directions. The IAB node DU operates with two cells with different carriers on each panel, and the IAB node MT supports two CCs in one panel for backhaul link transmission/reception. Therefore, there are eight CC-cell pairs with the following multiplexing types as shown in Figure 4
· When the MT CC and DU cell use same carrier and same panel, the multiplexing type of the CC-cell pair is TDM. 
· When the MT CC and DU cell use same carrier but different panels, the multiplexing type of the CC-cell pair can be SDM.
· When the MT CC and DU cell use different carriers but same panel, the multiplexing type of the CC-cell pair can be FDM.
· When the MT CC and DU cell use different carriers and different panels, the multiplexing type of the CC-cell pair can be full duplexing (FD).

Figure 4: Multiplexing types of IAB node CC-cell pairs
In RAN1#98, the following agreement was made:
· The H/S/NA attributes for the per-cell DU resource configuration should take into account the associated MT carrier frequency(ies).
The attribute of a DU cell resource (H/S) should be solitary and not dependent on the MT CCs. For example, if a time resource is configured as Hard with respect to MT CC#0 but Soft with respect to MT CC#1, the IAB node cannot confirm its H/S attribute unless the scheduling of MT is determined, which actually makes the time resource as a Soft resource.
On the other hand, per DU cell resource configurations can lead to different NULL resources on different CCs, and the IAB node and its parent node should determine the NULL resources for each MT CC. The determination should take the resource configurations of the DU cells and the multiplexing types of corresponding CC-cell pairs into account. For example, for MT CC#0, the IAB node can determine four sets of NULL resources according to the four DU cells and the corresponding multiplexing types of the CC-cell pair. The IAB node should take the union of the four sets of NULL resource to obtain the actual NULL resources for MT CC#0 as shown in Figure 5.

Figure 5: Determination of Null resources of an MT CC with multiple DU cells
Proposal 4: The IAB node should determine the NULL resources for each MT CC considering the resource configurations of all DU cells and the multiplexing types of the {MT CC, DU cell} pairs.
It can be seen from the above discussion that the multiplexing types of CC-cell pairs are necessary for determining the NULL resources of MT CCs. Therefore, both the IAB node and its parent node should be aware of the multiplexing types of CC-cell pairs. The multiplexing types of the CC-cell pairs are up to IAB node implementations, and therefore the parent node cannot know the multiplexing types unless the IAB node reports them. Therefore, we have the following proposal:
Proposal 5: The IAB node should report the multiplexing types of all {MT CC, DU cell} pairs to its parent node.
[bookmark: _Ref129681832]Dynamic resource sharing between MT and DU
For dynamic resource indication, two options can be adopted:
· Option A: MT indication. Parent node DU indicates the availability of MT resources.
· Option B: DU indication. Parent node DU indicates the availability of DU soft resources.
From the parent node DU perspective, it should control and manage its child backhaul link according to the demands of the IAB node MT, such as traffic demand, latency requirement, and CSI. Therefore, it is natural for the parent node DU to indicate the availability of MT resources directly. On the other hand, if DU indication is adopted, the parent node DU needs to convert the demands of the IAB node MT to the availability of DU soft resources in order to send the dynamic indication, which is not preferable from the perspective of implementation of parent node DU.
From the IAB node perspective, the two options are almost equivalent for TDM operation, but there are different implications for FDM/SDM operation. For example, assuming there is a soft uplink slot for DU, and the corresponding MT is downlink. For SDM/FDM operation, even if the backhaul link may use the MT slot, IAB node DU can always schedule UEs or child nodes in the soft DU slot for uplink transmission. However, if the MT and DU can share the RF chains, whether the MT slot is used by backhaul link has an impact on the uplink scheduling of IAB node DU. Specifically, as shown in Figure 6, if the corresponding MT slot is used by backhaul link, the IAB node DU cannot schedule some specific UEs in the soft DU slot, or the number of MIMO layers that can be scheduled in the slot becomes fewer.

Figure 6: An example of SDM/FDM operation
In this scenario, if Option A is adopted, the IAB node DU can decide the uplink transmission according to whether the corresponding MT slot is released or not. However, if Option B is adopted, and if the soft DU slot is indicated as available, the IAB node DU cannot figure out whether the corresponding MT slot will be used or not; therefore, IAB node DU cannot optimize the uplink scheduling. 
Furthermore, the dynamic indication is carried by DCI, which will be detected by the IAB node MT. From specification point of view, it is not straightforward to define a DCI format for an IAB node MT with the DCI fields which are indicating the resource availability of the IAB node DU. 
Observation 2: MT indication is preferable from the perspective of implementation of parent node DU. Besides, DU indication may cause some problems for SDM/FDM operation from the perspective of IAB node. 
It was proposed that an SFI-like indication via DCI format 2_0 can be used as the explicit indication. However, according to the definition of DCI format 2_0, it is not suitable to reuse it for dynamic resource sharing due to the following reasons:
· The functionality of resource type (D/U/F) indication and resource availability indication are totally independent, it is not preferred to couple them together. For IAB node MT resource type (D/U/F) indication, the existing DCI format 2_0 can be reused. On the other hand, the resource type for the IAB node DU (D/U/F) is a scheduler decision by the node itself hence it is not proper to leave the decision to the parent node DU.
· To enable dynamic resource sharing, time offset between the dynamic indication signaling and corresponding resource should be introduced, or some resources that released by MT cannot be used by DU due to the scheduling and process delay. However, there is no time offset between DCI format 2-0 and the resource it indicates.
In conclusion, a new type of DCI format can be introduced to indicate whether the time resources of IAB node MT are released or not.
· A bitmap can be used for such indication as illustrated in Figure 7, where “1” means the indicated time resource is available/not-released for IAB MT, and “0” means the resource is not-available/released for IAB MT. 
· For signaling overhead reduction, the DCI does not indicate the MT NA resources that is determined from DU resource configurations.
· The time offset between the dynamic indication and the corresponding time resource also should be configured to MT so that IAB DU can have enough time for DU transmission preparation if the time resource for MT is released.
· The dynamic indication can be applied per MT CC.
The behaviors of MT in the dynamic released resources can be same to those in the Null resources that determined from DU resource configurations in Subsection 2.1.
 
Figure 7: A new DCI type indication for dynamic resource sharing
Proposal 6: Explicit indication based on a new DCI format can be introduced to indicate whether the time resources of IAB node MT are released or not
· The dynamic indication does not indicate the MT NULL resources
· A time offset between the indication and the corresponding time resource is configured to MT
· The dynamic indication is applied per MT CC
Conclusions
According to the previous discussion, we have the following observations and proposals:
Observation 1: The number of guard symbols for DU-to-MT and MT-to-DU switch is determined by the RF switching interval, the frame timing difference between MT and DU, and the OFDM symbol duration.
Observation 2: MT indication is preferable from the perspective of implementation of parent node DU. Besides, DU indication may cause some problems for SDM/FDM operation from the perspective of IAB node. 
Proposal 1: Based on the resource configurations of the MT and DU cell, and the multiplexing type between MT and DU cell, the IAB node MT can determine a set of NULL resources
· The IAB node MT does not expect to transmit unicast PUSCH or receive unicast PDSCH in the NULL resources
· The IAB node MT does not expect to monitor PDCCH candidates in search spaces for unicast DCI in the NULL resources
· The IAB node MT does not receive CSI-RS in the NULL resources
· The IAB node MT does not transmit SRS in the NULL resources
Proposal 2: IAB node should report the number of guard symbols to its parent node for each switching pattern.
Proposal 3: The parent node need to be aware of the cell-specific signals/channels configurations of the IAB node DU.
Proposal 4: The IAB node should determine the NULL resources for each MT CC considering the resource configurations of all DU cells and the multiplexing types of the {MT CC, DU cell} pairs.
Proposal 5: The IAB node should report the multiplexing types of all {MT CC, DU cell} pairs to its parent node.
Proposal 6: Explicit indication based on a new DCI format can be introduced to indicate whether the time resources of IAB node MT are released or not
· The dynamic indication does not indicate the MT NULL resources
· A time offset between the indication and the corresponding time resource is configured to MT
· The dynamic indication is applied per MT CC
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Appendix
Table 1. TDM switching patterns and number of required guard symbols for IAB node
	TDM switching pattern
	
	Number of required guard symbols

	DU TX→MT RX
	            IAB TX timingDU TX
MT RX

	Number of guard symbol: , where  and .
 is the propagation delay between IAB node and parent node
 is the DU TX-to-MT RX switching interval of IAB node
 is the OFDM symbol duration
Range of ：[0, 1]

	MT RX→DU TX
	DU TX
MT RX

	Number of guard symbol: , where  and .
 is the MT RX-to-DU TX switching interval of IAB node
Range of ：[1, 2]

	DU RX→MT TX
	MT TX
DU RX

	Number of guard symbol: , where  and 
TA is the timing advance of IAB node MT
 is the DU RX-to-DU TX switching interval of IAB node
Range of ：[1, 2]

	MT TX→DU RX
	DU RX
MT TX

	Number of guard symbol: , where  and 
 is the MT TX-to-DU RX switching interval of IAB node
Range of ：[0, 1]

	DU TX→MT TX
	MT TX
DU TX

	Number of guard symbol: , where  and  
 is the DU TX-to-MT TX switching interval of IAB node(NOTE1)
Range of ：[1, 3]

	MT TX→DU TX
	DU TX
MT TX

	Number of guard symbol: , where  and  
 is the MT TX-to-DU TX switching interval of IAB node
Range of ：[0]

	DU RX→MT RX
	MT RX
DU RX

	Number of guard symbol: , where  and  
 is the DU RX-to-MT RX switching interval of IAB node (NOTE2)
Range of ：[0]

	MT RX→DU RX
	DU RX
MT RX

	Number of guard symbol: , where  and  
is the MT RX-to-DU RX switching interval
Range of ：[1, 3]

	NOTE1: The switching interval of TX-to-TX depends on the power gap between access and backhaul links. If the power gap is small, the switching interval is close to zero; otherwise, it can be 3µs according to 38.104.
NOTE2: The switching interval of RX-to-RX depends on the power gap between access and backhaul links.



image3.emf
CC #0

CC #1

Cell #0

Cell #1

Cell #2

Cell #3

Panel #0 Panel #1 IAB node


image4.emf
MT CC 

#0

MT CC 

#1

DU Cell 

#0

DU Cell 

#1

DU Cell 

#2

DU Cell 

#3

TDM

SDM

FD

FDM


image5.emf
D-H D-S D-S F-H U-S

D D D F U

D-H D-S U-H F-H U-S

D D D F U

D-H D-S D-H F-H U-S

D D D F U

D-H D-S D-S F-H U-S

D D D F U

TDM (CC#0 and cell #0) FDM (CC#0 and cell #1) SDM (CC#0 and cell #2) Full duplexing (CC#0 and cell #3)

MT

DU

D D D F U MT

Synthesizing


image6.emf
MT DL slot

DU UL soft slot

MT DL slot

DU UL soft slot


image7.emf
D D D F U D F D U D

HD N/A SD SF HU HF SF HD SU HD

Bitmap: 0 1 1 1

0 1

1

1


image1.emf
D

N/A

D

HD

D

Parent node DU

IAB node MT

IAB node DU

Child node MT

Child node DU

DU

MT

DU

MT

DU

Parent node 

IAB node 

Child node 

D

HD

D

N/A

D

╳ 

√

√

1 0


image2.emf
IAB node

MT

IAB node

DU

12

Hard

0 1

13

Hard

12 13

...

0

Hard

1

Hard

11

T

m

T

m

T

i

T

i


