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Introduction
In RAN1#92bis, the following agreements on link management were reached [1] :
Agreements:
· Measurements on multiple backhaul links for link management and route selection should be studied. 
· Mechanisms for efficient route switching or transmission/reception on multiple backhaul links simultaneously (e.g. multi-TRP operation and intra-frequency dual connectivity) should be studied.
· Note: The feasibility of (1) may depend on architectures considered in RAN2/3. 
· Mechanisms for scheduling coordination, resource allocation, and route selection across IAB nodes/donors and multiple backhaul hops should be studied.
· Mechanisms for efficient TDM/FDM/SDM multiplexing of access/backhaul traffic across multiple hops considering an IAB-node half-duplex constraint should be studied.
· The impact of cross-link interference on access and backhaul links (including across multiple hops) should be studied.
· Interference measurement and management solutions should be studied. 
· 1024QAM for the backhaul link should be studied.
· FFS: whether solutions should be specified as part of an IAB WI or other NR WI 

This contribution deals with options for scheduling coordination and resource allocation across IAB nodes/donors for multi-hop backhaul scenario. 
[bookmark: _Ref178064866][bookmark: _Ref512583923]Resource allocation for multi-hop scenario
Regarding the access and backhaul links as well as the respective UL and DL, there can be several resource multiplexing options in time, frequency and space. If an IAB-N operates in half-duplex, it does not transmit and receive in overlapping time resources. Generally, two resource allocation schemes should be considered assuming the same antenna system is shared by the access and backhaul links at a certain node. The main difference between the two options is that option 1 considers resource allocation per node; each IAB-N can transmit to and schedule its UEs and MT of child nodes on all radio resources. Whereas option 2 applies resource division between successive nodes. TDM is used in this section to describe different options.
All resource allocation schemes presented in the following implement IAB half-duplexing.
Option 1-a
[image: ]
[bookmark: _Ref512524530]Figure 1: Semi-static resource separation for one IAB node/donor with 4 phases.
In option 1-a, the available radio time resources are divided into two non-overlapping sets, t1 and t2, which are exclusively assigned to backhaul and access links, respectively. As shown in Figure 1, the separated resource sets are illustrated in different colors along the radio links. When TDD is applied, the time resource of each set is further divided into two phases for transmitting and receiving at different nodes. 
For the 1st set of time resources (i.e., t1) only the backhaul links are active. At the first phase t1(1), IAB-DN, IAB-N2 and IAB-N4 are transmitting, while IAB-N1 and IAB-N3 are receiving. At the second phase t1(2), IAB-N1 and IAB-N3 are transmitting while IAB-DN, IAB-N2 and IAB-N4 are receiving.
For the 2nd set of time resources (i.e., t2) only the access links are active. At the first phase t2(1), all IAB-Ns (including IAB-DN) are transmitting, while at the second phase t2(2) all IAB-Ns (including IAB-DN) are receiving. 
Option 1-b
[image: ]
[bookmark: _Ref512526232]Figure 2: Semi-static resource separation for one IAB node/donor with 3 phases; common access uplink.
Option 1-b is derived from option 1-a by recognizing that on IAB access links in downlink direction, the same resources can be used as on the IAB backhaul link in downlink direction between the IAB node and its attached child node. This results in having only three non-overlapping sets of radio time resources, labelled t1, t2 and t3 in figure 2.

[image: ]
Figure 3: Semi-static resource separation for one IAB node/donor with 3 phases; common access downlink.
In figure 2, all access UEs can be scheduled in UL in the same time resources. A similar scheme can be derived from option 1-a that re-uses backhaul link resources for access uplink, but still keep a common and dedicated set of resources for the access downlink. This modification is depicted in figure 3.

Option 2
[image: ]
[bookmark: _Ref512526695]Figure 4: Semi-static resource separation for successive IAB node/donor.
In option 2, the resource separation is between the successive IAB-Ns. As shown in Figure 4, the separated resource sets are illustrated in different colors along the radio links. In this option, the parent IAB-N (including IAB-DN) treats its attached UE(s) and the directly connected child IAB-N(s) (i.e., the IAB-N located in the downstream of an IAB chain) in a similar way. Each IAB-N at different levels of the IAB chain alternates in performing the roles of “base station” and “UE” within different resource sets. The IAB-DN only performs the role of a base station.
In the TDM example as in Figure 4, the time resources are divided into two sets, t1 and t2. Each set is further divided into two phases for UL and DL, respectively.
For the 1st set of time resource (i.e., t1) only the odd-hop backhaul links and the corresponding access links are active. During this period, IAB-DN, IAB-N2 and IAB-N4 perform the role of “base station” while IAB-N1 and IAB-N3 perform as the “UE”. The first phase t1(1) operates in DL whereas the second phase t1(2) operates in UL.
For the 2nd set of time resource (i.e., t2) only the even-hop backhaul links and the corresponding access links are active. During this period, IAB-N1 and IAB-N3 perform the role of “base station” while IAB-N2 and IAB-N4 perform as the “UE”. The first phase t2(1) operates in DL while the second phase t2(2) operates in UL. 

[bookmark: _Toc512610519]Duplexing and multiplexing options 1a/b and 2, as depicted, should be used in a semi-static assignment with TBD transmission time resources for performance evaluations.

Conclusion
Based on the discussion we propose the following:
Proposal 1	Duplexing and multiplexing options 1a/b and 2, as depicted, should be used in a semi-static assignment with TBD transmission time resources for performance evaluations.
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[bookmark: _Ref476919366][bookmark: _Ref454459437][bookmark: _Ref174151459][bookmark: _Ref189809556]RAN1, Chairman’s Notes, 3GPP TSG RAN WG1 Meeting RAN1#92-Bis, April 2018.
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