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Introduction
In RAN1 #98bis meeting [1], several agreements about resource multiplexing were reached, which are listed below, 
	Agreements:
Dynamic indication of UL-Flexible-DL (intended to dynamically update the flexible symbols) is supported for IAB-node MTs
· The dynamic indication of slot formats of UL-Flexible-DL should use DCI format 2_0 and reserved entries in Table 11.1.1-1 in 38.213. 

Agreements:
[bookmark: _Hlk22168000]A parent IAB node can be made aware of the number of symbols Ng the child IAB node would like the parent IAB node not to use at the edge (beginning or end) of a slot when there is a transition between child MT and child DU. Separately or additionally, the child IAB node can be made aware of the number of guard symbols that the parent IAB node will provide.
· Ng can be provided for each of the [8] possible transitions with potential overlap:
	MT to DU
	DL Tx
	UL Rx

	DL Rx
	
	

	UL Tx
	
	

	DU to MT
	DL Rx
	UL Tx

	DL Tx
	
	

	UL Rx
	
	


· If Ng is not provided it is assumed to be 0
NOTE: this agreement does not introduce any performance requirement on IAB nodes.



In this contribution, we discuss the remaining issues on resource multiplexing and some untreated issue under offline discussion. 
Discussion 
2.1 Remaining issues on new slot format indication
It was agreed in the last two meetings that new slot formats with the sequence order UL-Flexible-DL are supported for IAB MT for both the semi-static configuration provided in dedicated RRC signalling and dynamic indication using the reserved entries of the SFI table via DCI format 2_0. Note that the new slot formats are transparent to legacy UEs, and have no impact on the Rel-15 TDD-UL-DL-ConfigurationCommon, then there exists a case that the common signalling configures a DL-Flexible-UL pattern within a UL-DL transmission period, and the TDD-UL-DL-Config-IAB-MT overrides the flexible resources using the UL-Flexible-DL new slot formats. In such a case, when the new UL-Flexible-DL format is applied, there could be no symbols to cover the round trip time as illustrated in the Figure 1. Same situation also exists in the dynamic indication.

[image: ]
Figure 1: No symbols to cover the round trip time
To avoid such a situation, introducing flexible symbols in the front and at the end of the slot format is necessary. For the dedicated RRC signalling to configure the UL-Flexible-DL new slot format, if DL-Flexible-UL slot format is configured by TDD-UL-DL-ConfigurationCommon, flexible symbols should be specified between the DL and UL resources. In addition, for the dynamic indication to configure the UL-Flexible-DL slot format, flexible symbols should be added before and after the UL-Flexible-DL symbols in the slot format table. Furthermore, a 4 symbols at 30kHz SCS around trip time should be considered, which is similar as the LTE system. Examples are illustrated as below. The blank symbols between the uplink and downlink could be filled with any resource type according to sequences of UL-Flexible-DL.
[image: ]
Figure 2: Examples of introducing flexible symbols to cover the RTT
Proposal 1: The flexible symbols to cover round trip time between downlink and uplink symbols should be considered when TDD-UL-DL-ConfigurationCommon configures the DL-Flexible-UL slot format and TDD-UL-DL-Config-IAB-MT overrides the flexible resources by the UL-Flexible-DL slot format.
Proposal 2: The flexible symbols to cover round trip time between downlink and uplink symbols should be considered for the design of SFI table for the new UL-Flexible-DL format. Inserting flexible symbols before and after the UL-Flexible-DL symbols should be considered in the SFI table design.
2.2 Remaining issues on guard symbols
In the last meeting, it was agreed that the parent node can be made aware of the required guard symbols Ng of the child node, and the number of possible transitions where Ng should be provided was agreed as [8]. In this section, we provide our views on this tentative value in bracket.
To determine the required guard symbols in a certain transition case, the following aspects should be taken into account:
· The IAB MT and DU timing misalignment, caused by the propagation delay Tp, and the switching gap Tg (the switching gap between UL Rx and DL Tx at the IAB DU);
· The Rx-Tx switching time Ts between the IAB MT and DU;
· The relationship among the three values Tp, Tg, and Ts.
To be specific, take IAB DU DL Tx to MT DL Rx as an example, as shown in Figure 3. In such a case, the IAB MT and DU timing misalignment is Tp, and the Rx-Tx switching time Ts is needed since the IAB node transits from DU transmission to MT reception. Hence, the required guard symbol is dependent on the relationship between Ts and Tp. If Ts is smaller than Tp, no guard symbol is needed at the IAB node; otherwise, the required guard symbol is , where Td is the length of one OFDM symbol.
[image: ]
Figure 3: Transition case of IAB DU DL Tx to MT DL Rx
[bookmark: _GoBack]We analysed the required number of guard symbols of all 8 transition cases, which is presented in the appendix, and it is shown that for TDM and case-1 timing, possible guard symbols are needed in 6 out of 8 transition cases. 
Furthermore, considering the forward compatibility, other timing schemes should be supported for FDM and SDM, the transition cases where Ng should be provided would be changed as well. Therefore, it is beneficial to provide the required guard symbol for all transitions.
As such, we propose to remove the bracket, and Ng should be provided for each of the 8 transitions with potential overlap.
Proposal 3: The bracket around the number of possible transitions should be removed. The agreement is updated as follows: 
A parent IAB node can be made aware of the number of symbols Ng the child IAB node would like the parent IAB node not to use at the edge (beginning or end) of a slot when there is a transition between child MT and child DU. Separately or additionally, the child IAB node can be made aware of the number of guard symbols that the parent IAB node will provide.
· Ng can be provided for each of the 8 possible transitions with potential overlap:
	MT to DU
	DL Tx
	UL Rx

	DL Rx
	
	

	UL Tx
	
	

	DU to MT
	DL Rx
	UL Tx

	DL Tx
	
	

	UL Rx
	
	


· If Ng is not provided it is assumed to be 0
NOTE: this agreement does not introduce any performance requirement on IAB nodes.
2.3 NA resources treated as hard
It was agreed in the RAN1#97 meeting that if a DU NA or soft resource is configured with cell-specific signal/channel, the resource is treated as if it were a Hard DU resource. And the parent node does not need to be aware of the cell-specific signals/channels configurations of the child DU. In such a case, since the parent node knows nothing about the resource type changes of the child IAB DU, it would follow its Hard resources and schedule the child IAB MT on the corresponding time resources. This will induce a number of ineffective transmissions from the parent node and the parent node does not know the reason why the transmission fails. In order to avoid this unnecessary confliction and invalid transmissions, the parent node should know the resources treated as hard at the child node.
Proposal 4: The parent node should have the knowledge of resources that treated as hard at child IAB.

2.4 Per link NA configuration
In the last two meetings, a remaining issue of whether to support the indication of NA resources on a per child IAB node basis was discussed and is still left for further study.
In general, there are two scenarios that per child IAB node DU resource configuration can be considered in the current release:
· Multi-child scenario, as shown in Figures 4(a), considering the interference coordination among child links (see IAB#1 and IAB#2), and with neighbouring IAB nodes (see IAB#2 and IAB#3);
· Multi-parent scenario, as shown in Figures 4(b), considering that the resources connecting to multiple parents should be configured without conflict (see IAB#1 with P-IAB#1 and P-IAB#2).
[image: ]         [image: ]
(a)                                  (b)
Figure 4: (a) Multi-child scenario; (b) Multi-parent scenario
Note that the semi-static DU resource types are configured by the donor CU, basically, it can be handled properly on a per cell basis. To be specific, for the multi-child case, as shown in Figure 5(a), to handle the potential interference between IAB#1 and IAB#2, the per child link configuration can be achieved by properly setting the corresponding child IAB DU resources; additionally, considering the interference coordination with IAB#2 and IAB#3, since the Rel-16 IAB nodes are fixed and the deployment is quite stable, the CU is able to control the DU resource configurations of neighbouring IAB nodes to avoid possible interference in a per cell way. Similarly, as shown in Figure 5(b), multi-parent resource configuration can be achieved in a proper per cell basis.
[image: ]       [image: ]
(a)                                  (b)
Figure 5: Per-cell DU configurations for (a) multi-child scenario; (b) multi-parent scenario
As such, we can conclude that properly configuring the DU resources on a per cell basis is feasible for both multi-child and multi-parent scenarios.
Proposal 5: Supporting only per cell basis DU resource configurations works for Rel-16.
Furthermore, considering some specific cases where the neighbouring IAB nodes or multiple parent nodes belong to different donors/CUs, enabling per child node DU configuration can be helpful. Since updating NA attribute of the IAB DU resource configuration for certain child links have no negative impact on its child nodes regardless of their semi-static DU configurations, per child node NA attribute indication can be supported as well.
Proposal 6: Additional configuration information indicating NA resources on a per-child IAB node basis can optionally be provided to an IAB DU.

2.4 Default resource type
The default resource type of H/S/NA indication was discussed in the last meeting. The motivation for supporting default resource types is to reduce the signalling overhead or prevent the error case or the uncertainty when the corresponding configuration is not provided. 
First the signalling overhead of H/S/NA configuration through F1AP should not be an issue for the IAB. As agreed in the previous meetings, the H/S/NA attributes should be based on the per cell D/U/F resource type. And since the per cell D/U/F resource type should always be signalled to the DU through F1AP, the H/S/NA could also be conveyed combined with. And the signalling overhead should not be an issue to the F1AP. 
Different from the MT or UE, the DU part of IAB node should function as a base station controlling the behaviours of the connected MTs and UEs. And the operation of the DU should be well organized and under the control of CU. An IAB DU without configuration of H/S/NA attributes should be considered as an error case, just like a gNB without the configuration of downlink, uplink and flexible. 
Proposal 7: No default H/S/NA resource type is defined for IAB 

Conclusions
In this contribution, we discuss the remaining issues on the resource multiplexing among backhaul and access links. The proposals are provided as follows.
Proposal 1: The flexible symbols to cover round trip time between downlink and uplink symbols should be considered when TDD-UL-DL-ConfigurationCommon configures the DL-Flexible-UL slot format and TDD-UL-DL-Config-IAB-MT overrides the flexible resources by the UL-Flexible-DL slot format.
Proposal 2: The flexible symbols to cover round trip time between downlink and uplink symbols should be considered for the design of SFI table for the new UL-Flexible-DL format. Inserting flexible symbols before and after the UL-Flexible-DL symbols should be considered in the SFI table design.
Proposal 3: The bracket around the number of possible transitions should be removed. The agreement is updated as follows: 
A parent IAB node can be made aware of the number of symbols Ng the child IAB node would like the parent IAB node not to use at the edge (beginning or end) of a slot when there is a transition between child MT and child DU. Separately or additionally, the child IAB node can be made aware of the number of guard symbols that the parent IAB node will provide.
· Ng can be provided for each of the 8 possible transitions with potential overlap:
	MT to DU
	DL Tx
	UL Rx

	DL Rx
	
	

	UL Tx
	
	

	DU to MT
	DL Rx
	UL Tx

	DL Tx
	
	

	UL Rx
	
	


· If Ng is not provided it is assumed to be 0
NOTE: this agreement does not introduce any performance requirement on IAB nodes.
Proposal 4: The parent node should have the knowledge of resources that treated as hard at child IAB.
Proposal 5: Supporting only per cell basis DU resource configurations works for Rel-16.
Proposal 6: Additional configuration information indicating NA resources on a per-child IAB node basis can optionally be provided to an IAB DU.
Proposal 7: No default H/S/NA resource type is defined for IAB. 
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Appendix
Table 1. Number of required guard symbols in all 8 transition cases.
	Transition case
	Required guard symbols

	MT DL Rx to DU DL Tx
	[image: ]
	Ng = (Ts + Tp)/Td

	MT DL Rx to DU UL Rx
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	Ng = (Tp + T_g,i)/Td

	MT UL Tx to DU DL Tx
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	Ng = 0

	MT UL Tx to DU UL Rx
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	· Ts < Tp+T_g,p-T_g,i, Ng = 0
· Ts > Tp+T_g,p-T_g,i, Ng = (Ts – Tp - T_g,p + T_g,i)/Td

	DU DL Tx to MT DL Rx
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	· Ts < Tp, Ng = 0
· Ts > Tp, Ng = (Ts - Tp)/Td

	DU DL Tx to MT UL Tx
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	Ng = (Tp + T_g,p)/Td

	DU UL Rx to MT DL Rx
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	Ng = 0

	DU UL Rx to MT UL Rx
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	Ng = (Tp + T_g,p - T_g,i + Ts)/Td
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