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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:
· Specification impact of DU resource configuration
· Cell-specific signals/channels of IAB node DU
· Remaining details of guard symbols
· Dynamic indication of soft DU resources
Resource conflicts handling
Specification impact of IAB node DU resource configuration
An IAB node DU cell is configured with resource attributes (H/S/NA) per resource type (D/U/F) by the CU. The resource configurations of the IAB node DU cell should also be known by its parent node DU so that scheduling conflict can be avoided between adjacent hops. The basic principle is that the transmission and reception on the parent backhaul link should not have an impact on the usage of IAB node DU hard resources as shown in Figure 1. Note that the timing misalignment between the MT and DU is omitted here.
[image: ]
Figure 1: Potential scheduling conflict on DU Hard resources
In terms of specification impact, both the DU behavior and MT behavior should be defined since the DU and MT are two separate entities within one node. The DU behavior defines how an IAB node DU can determine the resource usage for its child link. The MT behavior defines how an IAB node MT can assume the resource usage for its parent link to avoid scheduling conflict as discussed above. The implication of H/S/NA resource configuration for the DU has already been captured in TS 38.213 while the implication for the MT has not been captured yet.
In TR 38.874 [2], Table 7.3.3-1 and Table 7.3.3-2 described the behaviors of IAB node MT and IAB node DU for TDM and SDM operations. According to Table 7.3.3-1, the MT behavior is defined as “NULL” on the resources that are overlapped with DU Hard resources or Soft Indicated Available 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 or Soft Indicated Available resources, referred as NULL resources for the MT hereafter. The MT behavior on the NULL resources needs to be specified so that the parent node can avoid scheduling on these resources accordingly; otherwise, the parent node may be not able to use the resource configurations of IAB node DU properly.
As one example, the parent node DU shall not transmit dedicated PDCCH or unicast PDSCH to an IAB node MT in the NULL resources since the IAB node DU has higher priority to use the corresponding resource, i.e. the successful reception of PDCCH/PDSCH cannot be guaranteed. In another word, the IAB node MT does not expect to receive dedicated PDCCH or unicast PDSCH in the NULL resources. 
Base on the above analysis, we have the following proposal
Proposal 1: For TDM operation, an IAB node MT can determine a set of NULL resources
· The IAB node MT does not monitor PDCCH candidates in search space sets for DCI scrambled by C-RNTI, MCS-C-RNTI or CS-RNTI(s) in the NULL resources
· The IAB node MT does not expect to receive PDSCH or CSI-RS in the NULL resources
· The IAB node MT does not expect to transmit PUSCH, PUCCH or SRS in the NULL resources
In the following, the procedure to determine MT NULL resources is described for an IAB node with multiple CCs at MT and multiple cells at DU.
 
Figure 2: Multiplexing capability of IAB node {MT CC, DU cell} pairs
The NULL resources of an MT CC should be inferred from the resource availabilities of the DU cells that required TDM operation with the MT CC. Taking MT CC#0 in Figure 2 as an example, the pairs {MT CC #0, DU Cell #0} and {MT CC #0, DU Cell #1} require TDM operation, and the pairs {MT CC #0, DU Cell #2} and {MT CC #0, DU Cell #3} do not require TDM operation. Therefore, to determine the Null resource for MT CC#0, only DU Cell #0 and DU cell #1 need to be taken into account. As is shown in Figure 3, slots 1 and 4 in DU cell #0 and slots 2 and 4 in DU cell #1 are Hard or Soft Indicated Available, and therefore slots 1, 2, and 4 of MT CC#0 should not be used for backhaul link transmission/reception, i.e., slots 1, 2, and 4 are Null slots of MT CC #0.

Figure 3: Determination of NULL resources of an MT CC from multiple DU cells
Therefore, we have the following observation:
Observation 1: The IAB node should determine the NULL resources for an MT CC considering the resource configurations of any DU cell that required TDM operation with the MT CC.
Cell-specific signals/channels of IAB node DU
To avoid resource conflict between MT and DU, both the IAB node and parent node should be made aware of the allocation of IAB node DU cell’s Hard resources. Basically, IAB node DU have two types of Hard resources:
· Type-A: Hard resources that configured by donor CU
· Type-B: Hard resources that converted from NA or Soft resources by cell-specific signals/channels of IAB node DU, which are based on the following agreement (RAN1#97): “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 following agreement (RAN1#96bis) ensures that the parent node can get the allocation of Type-A Hard resources of IAB node DU:
· An IAB node has the ability to be made aware of the semi-static DU resource configuration (D/U/F/H/S/NA) of all its child IAB nodes.
However, for Type-B Hard resources, we have the following agreement:
· The parent does not need to be aware of the cell-specific signals/channel configurations of the child DU
Consequently, the parent node cannot obtain the allocation of Type-B Hard resources of IAB node DU, and therefore the parent node may schedule PDSCH/PUSCH in the corresponding MT resources, which causes resource conflicts between IAB node MT and DU. To solve the problem, the agreement may need to be revised, and the simplest way is informing the cell-specific signals/channels configurations of the IAB node DU to its parent node. Therefore, we have the following proposal:
Proposal 2: The parent node need to be aware of the cell-specific signals/channels configurations of the IAB node DU, i.e. CU can provide following parameters of IAB node DU to its parent node: STC, MIB, and RMSI.
Guard symbols between MT and DU
In RAN1#98bis, a number of desired/provided guard symbols was introduced for the edge (beginning or end) of a slot when there is a transition between MT and DU, i.e., inter-slot transition. It should be noted, because resource-type level attributes (H/S/NA) configuration is supported, there also exist intra-slot transition between MT and DU. Therefore, the guard symbols can also apply to intra-slot transition between MT and DU, and the number of guard symbol is same to that of the inter-slot transition.
Observation 2: The guard symbols can be applied to both inter-slot and intra-slot transitions between MT and DU.
For TDM operation, there are four MT-to-DU switching patterns and four DU-to-MT switching patterns. One remaining issue is whether the child IAB node needs to report all of the eight switching patterns. It should be noted, for a specific combination of MT and DU resources types, although the time misalignment for MT-to-DU and DU-to-MT are same, the number of guard symbol can be different because of the RF switching interval between MT and DU. Specifically, 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
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Figure 4: The timing misalignment and switching interval between MT and DU resources
Therefore, the number of guard symbols of DU-to-MT switching cannot be derived based on the number of guard symbols of MT-to-DU switching, and vice versa. It should be noted, even for the TX-to-Tx (or Rx-to-Rx) switching, RF switching interval may also be needed, especially when there is some power gap between MT and DU. Therefore, we have the following proposal:
Proposal 3: The IAB node should report the number of guard symbols for all of the eight switching patterns between MT and DU.
The number of guard symbols depends on the symbol duration , and therefore the parent node and IAB node should have same understanding on the symbol duration of the guard symbols. Therefore, we have the following proposal:
Proposal 4: A reference subcarrier spacing is provided together with the guard symbols for transitions between the MT and DU.
[bookmark: _Ref129681832]Dynamic resource sharing between MT and DU
In RAN1#98bis, a new DCI (referred as AI-DCI hereafter) reusing the DCI Format 2_0 structure is used to indicate DU-IA. AI-DCI indicates the resource availability for a set of consecutive slots. Some of the slots may contain Hard or NA symbols, which have fixed availabilities and are not supposed to be indicated dynamically. To solve this problem, two options can be adopted:
· Option-A: The dynamic signaling always indicates Hard symbols as available and indicates NA symbols as not-available
· Option-B: The IAB node always ignore the dynamic indication on Hard and NA resources
It should be noted, Option-A introduces strict constraint on the construction of AvailabilityCombination table; the entries in the table should match to the semi-static resource configuration precisely. Especially, when the duration of semi-static resource configuration is larger than dynamic indication duration. Besides, the constraint does not bring any advantage to the dynamic indication. Therefore, option-B is preferable.
Proposal 5: The IAB node ignores the dynamic indication of availability on Hard and NA resources.
DCI format 2_0 has an indication duration that started from a slot where the UE detects the DCI format 2_0, as is captured by 38.213:
· A SFI-index field value in a DCI format 2_0 indicates to a UE a slot format for each slot in a number of slots for each DL BWP or each UL BWP starting from a slot where the UE detects the DCI format 2_0.
It should be noted, the IAB node would need some time to decode the AI-DCI and forward the DU-IA information and prepare transmission/reception on access link. Therefore, the soft indicated available DU slots close to the slot where MT detects the AI-DCI cannot be used by the IAB node DU. Based on the mechanism of DCI format 2_0, this can be solved by configuring an indication duration longer than the PDCCH monitoring periodicity. An example is given in Figure 5, where the periodicity of AI-DCI monitoring is 5 slots and the duration of the dynamic indication is 7 slots. Assuming the processing delay for dynamic indication is two slots, the IAB node cannot determine the availability of slot 6 from DCI#2 timely; however, it can determine the availability of slot 6 from DCI #1. Therefore, an offset between AI-DCI and the indication duration can be obtained by the configuration.

Figure 5: An example of dynamic indication
Notably, if the UE detects more than one DCI formats 2_0 indicating a slot format for a slot, the UE expects each of the more than one DCI formats 2_0 to indicate a same format for the slot. However, the mechanism can cause some restrictions on the construction of AvailabilityCombination table of AI-DCI.
Specifically, because the existing mechanism requires that the indication of an AI-DCI should be same to the previous AI-DCI in the overlapping duration, a tail-biting structure of the AvailabilityCombination table is necessary. Taking DCI#2 in Figure 5 as an example, it can indicate three Soft slots in the duration, i.e., slots 6, 8, and 11. However, because the availability of slot 6 is also indicated by DCI#1, IAB node only need to determine the availabilities of slots 8 and 11 from DCI#2. To indicate the availabilities of two slots, four entries in AvailabilityCombination table are sufficient for all the possibilities. However, if the MT expects DCI#1 and DCI#2 to indicate a same availability for the overlapping slot (slot 6), eight entries in AvailabilityCombination table are required, which leads to additional overhead to the AI-DCI. If the overlapping duration has more Soft resources, the design of the AvailabilityCombination table can be quite complicated, and the size of the table can be too large to handle.
Observation 3: If the MT expects more than one AI-DCI to indicate a same availability for a slot, there will be some restrictions on the configuration of AvailabilityCombinationsPerCell.
On the other hand, if the IAB node can just ignore the indication of the AI-DCI in the overlapping duration, as shown in Figure 5, arbitrary bits can be placed in the corresponding part of the AvailabilityCombinations; therefore, the restrictions on the construction of AvailabilityCombinations can be avoided. Because the Soft resources in the overlapping duration have already been indicated, the IAB node can prepare the transmission/reception of access link accordingly, and thus ignoring the subsequent indications does not degrade performance of dynamic resource sharing.

Figure 5: Two parts of AvailabilityCombination table
Therefore, we have the following proposal:
Proposal 6: The IAB node can ignore the dynamic indication of an AI-DCI on the Soft resource which has been indicated by a previous AI-DCI.
Conclusions
According to the previous discussion, we have the following observations and proposals:
Observation 1: The IAB node should determine the NULL resources for an MT CC considering the resource configurations of any DU cell that required TDM operation with the MT CC.
[bookmark: _GoBack]Observation 2: The guard symbols can be applied to both inter-slot and intra-slot transitions between MT and DU.
Observation 3: If the MT expects more than one AI-DCI to indicate a same availability for a slot, there will be some restrictions on the configuration of AvailabilityCombinationsPerCell.
Proposal 1: For TDM operation, an IAB node MT can determine a set of NULL resources
· The IAB node MT does not monitor PDCCH candidates in search space sets for DCI scrambled by C-RNTI, MCS-C-RNTI or CS-RNTI(s) in the NULL resources
· The IAB node MT does not expect to receive PDSCH or CSI-RS in the NULL resources
· The IAB node MT does not expect to transmit PUSCH, PUCCH or SRS in the NULL resources
Proposal 2: The parent node need to be aware of the cell-specific signals/channels configurations of the IAB node DU, i.e. CU can provide following parameters of IAB node DU to its parent node: STC, MIB, and RMSI.
Proposal 3: The IAB node should report the number of guard symbols for all of the eight switching patterns between MT and DU.
Proposal 4: A reference subcarrier spacing is provided together with the guard symbols for transitions between the MT and DU.
Proposal 5: The IAB node ignores the dynamic indication of availability on Hard and NA resources.
Proposal 6: The IAB node can ignore the dynamic indication of an AI-DCI on the Soft resource which has been indicated by a previous AI-DCI.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]References
[1] Chairman notes for RAN1 98bis, Oct. 2019
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.
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