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Introduction
A new study item on Integrated Access and Backhaul for NR was approved in RAN#75 [1]. The motivation is to support wireless backhaul and relay links enabling flexible and very dense deployment of NR cells without the need for densifying the transport network proportionately. 
In this contribution, we will investigate IAB node resource allocation related issue, such as multiplexing of backhaul and access link, frame structure configuration for IAB and how to acquire updated minimum SI. 
Discussion
 Multiplexing of access/backhaul link
According to IAB SID [1], for the network with integrated access and backhaul links, each IAB nodes can multiplex access and backhaul links in time, frequency, or space. In this section, we assume the backhaul link and access link for a IAB node as shown in Fig. 1, where 

“DB” and “UB” refer to downlink (or down-stream link) and uplink (or up-stream link), respectively, on backhaul;

 “DA” and “UA” refer to downlink and uplink, respectively, on access link.
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Figure 1: Backhaul link and Access link                               

Therefore, there can be 9 combination cases as shown in Table 1 for the IAB node link multiplexing. 
Table 1 Combinations of in-band IAB link multiplexing
	Multiplexing cases
	Multiplexing between input link and output link on the same stream direction (i.e., between DB and DA, and between UB and UA)
	Multiplexing between input links (DB and UA) on two directions, and between output links (UB and DA) on two directions

	case-1
	TDM
	TDM

	case-2
	TDM
	FDM

	case-3
	TDM
	SDM

	case-4
	FDM
	TDM

	case-5
	FDM
	FDM

	case-6
	FDM
	SDM

	case-7
	SDM
	TDM

	case-8
	SDM
	FDM

	case-9
	SDM
	SDM


For the cases 4~6, If FDM between DB and DA and FDM between UB and UA occur within the single CC, the side band leakage interference from the relay-transmitted signal without fading to the relay-received signal with fading should be considered. The frequency guard band between backhaul link and access link may be needed.

For cases 7~9, the interference from the relay-transmitted signal without fading to the relay-received signal with fading would be unacceptable because the two signals are in the same time/frequency resources and are different only in spatial domain. Unless the spatial domain processing is done prior to AGC, the strong transmitted analog signal would suppress the received analog signal to a very weak level when both signals pass through AGC. 

Considering the performance uncertainty and potential specification complexity associated with cases 4~9, we propose that the cases 1~3 shall be considered first while the cases 4~9 are excluded from the scope of Rel-15 SI for IAB.
Proposal 1: It is suggested that the cases 1~3 (i.e. multiplexing between DB and DA, or between UB and UA are TDM) shall be considered first while the cases 4~9 (i.e. multiplexing between DB and DA, or between UB and UA are FDM or SDM) are excluded from the scope of Rel-15 SI for IAB.

Frame structure configuration

Based on the analysis in section 2.1, time domain multiplex between Access link and Backhaul link which means that the IAB node cannot communicate with the UE and other IAB nodes simultaneously shall be considered first. So in this section, we mainly discuss the case of TDM multiplexing. In R10 Relay, the DeNB performs semi-static resource allocation by configuring Un subframe configuration through the RN reconfiguration procedure for transmissions between an RN and a DeNB. When it comes to NR IAB, the similar scheme can be reused. The IAB resource used for transmissions between the IAB nodes can be decided by the parent IAB node which means the parent IAB node allocates the resource for backhaul link of child IAB node. 
Proposal 2: The parent IAB node allocates the resource for backhaul link of child IAB node.

As we know, multi-levels of frame structure configuration have been introduced by R15 NR, such as, cell specific semi-static frame structure configured via higher layer parameter tdd-UL-DL-ConfigurationCommon, or higher layer parameter tdd-UL-DL-ConfigurationCommon2, UE specific semi-static frame structure configured via higher layer parameter tdd-UL-DL-ConfigurationDedicated, and dynamic frame structure, i.e. slot format indicated by a SFI-index field in DCI format 2_0. As shown in Fig 2, the semi-static frame structure with ‘single periodicity’ can be configured via higher layer parameter tdd-UL-DL-ConfigurationCommon(as shown by ‘X’); And the semi-static frame structure with ‘double periodicity’ can be configured via higher layer parameter tdd-UL-DL-ConfigurationCommon(as shown by ‘X’) and tdd-UL-DL-ConfigurationCommon2(as shown by ‘Y’). Pattern specified in ‘Y’ is a concatenation of the pattern specified in ‘X’. In each of them, semi-static DL, UL and unknown resource will be indicated, and the ‘unknown resource’ can be further overwritten by higher priority configuration such as tdd-UL-DL-ConfigurationDedicated. 
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Figure 2: Frame structure configuration with ‘single periodicity’ and ‘double periodicity’ in NR R15
The above features of frame structure configuration in NR R15 can be used for providing more flexibility for resource allocation among different links. For supporting multi-links in IAB, different semi-static frame structures within different periodicities can be applied to different links as shown in figure 3, e.g. semi-static frame structure within ‘X’ corresponds to backhaul link, and semi-static frame structure within ‘Y’ is used for access link. 

Furthermore, when a child IAB node of the IAB donor receives the IE of  semi-static frame structure with ‘double periodicity’ tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationCommon2, it will fully follow the frame structure within ‘X’ indicating the semi-static backhaul resource. For the semi-static frame structure within ‘Y’ indicating the semi-static access resource, it can be fully followed or omitted by IAB node, for the latter, IAB node can determine the access resource by IAB node itself. When the UE connected to the IAB donor receives the IE of  semi-static frame structure with ‘double periodicity’, it shall fully follow the frame structure used for only access link like an ordinary NR R15 UE. Moreover, the unknown resource within both ‘X’ and ‘Y’ can be re-allocated and indicated via  IE tdd-UL-DL-ConfigurationDedicated of higher priority configuration.
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Figure 3: Example of frame structure configuration

Proposal 3: Legacy signaling in NR R15 can be reused to provide resource allocation with different periodicity and pattern for access link and backhaul link for IAB node. For an IAB, it shall fully follow the frame structure configured for backhaul link and follow or ignore the frame structure configured for access link. 

System information acquisition
Considering the varied channel environment and radio link, it is necessary for the IAB node to perform measurement and update measurement report to centralized or distributed topology management entity. It means that each IAB shall keep performing measurement of neighboring cells and acquire the update minimum SI of neighbor IAB node. Considering the half-duplex constraint, if all the IAB nodes broadcast minimum SI at the same time, the IAB node cannot detect the minimum SI of other IAB nodes since it is broadcasting minimum SI to the UEs. 

 To solve this problem, two options can be considered as below:

Option1: Collision avoidance on minimum SI configurations among IAB nodes should be considered, a direct way is to configure different SSB resources for different IAB nodes and the details of configuration shall be decided by RAN1.

Option2: In R10 Relay, the RRC layer sends updated system information in a dedicated message to an RN with Un sub-frame configuration. When it comes to NR IAB, the similar scheme can be reused for TDM scenario. Specifically, for CU-DU split case, each IAB node can acquire updated minimum SI of other IAB nodes via donor CU. For non CU-DU split case, the IAB donor node may acquire the updated minimum SI of other IAB nodes via Xn interface. However, it means F1 and Xn interface shall be enhanced to SI relevant info exchange. 

Proposal4: To acquire the updated minimum SI of neighbour IAB node, two options can be considered:
Option1: Different IAB nodes are configured with different SSB resources and the details of configuration shall be decided by RAN1.

Option2: IAB node acquires the updated minimum SI of other IAB nodes via IAB donor or Xn interface. 
Conclusion
In this contribution, we investigated IAB node resource allocation related issue and multiplexing of backhaul and access link, frame structure configuration for IAB and how to acquire updated minimum SI was discussed. Then we have the following observations and proposals.

Proposal 1:  It is suggested that the cases 1~3 (i.e. multiplexing between DB and DA, or between UB and UA are TDM) shall be considered first while the cases 4~9 (i.e. multiplexing between DB and DA, or between UB and UA are FDM or SDM) are excluded from the scope of Rel-15 SI for IAB.

Proposal 2: The parent IAB node allocates the resource for backhaul link of child IAB node.

Proposal 3: Legacy signaling in NR R15 can be reused to provide resource allocation with different periodicity and pattern for access link and backhaul link for IAB node. For an IAB, it shall fully follow the frame structure configured for backhaul link and follow or ignore the frame structure configured for access link. 

Proposal4: To acquire the updated minimum SI of neighbor IAB node, two options can be considered:
Option1: Different IAB nodes are configured with different SSB resources and the details of configuration shall be decided by RAN1.

Option2: IAB node acquires the updated minimum SI of other IAB nodes via IAB donor or Xn interface. 
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