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1	Introduction
This document is related to the following objective of the Rel-15 study item on IAB [1]:
· Route selection and optimization [RAN2, RAN1, RAN3], e.g.
· Mechanisms for discovery and management of backhaul links for TRPs with integrated backhaul and access functionalities
· RAN-based mechanisms to support dynamic route selection (potentially without core network involvement) to accommodate short-term blocking and transmission of latency-sensitive traffic across backhaul links
· Evaluate the benefit of resource allocation/route management coordination across multiple nodes, for end-to-end route selection and optimization.
In this document we concentrate on the situation that there is already a backhaul (BH) connection running. Setting up the connection could mean other kind of measurements. Two aspects are considered: 
(1) We assume that IAB is completely transparent to UEs, and therefore an IAB Node should transmit SSB and CSI-RS for UE mobility like without IAB.  
(2) IAB nodes should measure the quality of links to neighboring IAB Nodes and Donors.

2	Discussion
2.1 	Measurements for access and BH 
Besides maintaining link(s) for active BH data transmission, an IAB Node must support preparations for topology changes. This necessarily includes at least monitoring the quality of some candidate links, as depicted in Figure 1. Figure 1 illustrates a simple scenario with two Donor nodes having BH connection to IAB nodes. In addition to established BH connections, an IAB Node should be able to monitor other neighboring nodes (Donors and other IAB Nodes) being candidates for the BH connection in case the radio conditions are changed, e.g. due to blocking of a link, or if congestion over a link would trigger the BH link change to a new serving node. IAB nodes should not only find the neighbour nodes but also be able to have sufficient measurements to have up-to-date information about the radio conditions to the candidate nodes. In the scenario of Figure 1, the Donor 1 has two subtending IAB Nodes (two hop case) whereas Donor 2 has only one (single hop). Solid arrows indicate established and active BH connections and dashed (grey) arrows indicate links to be measured. 
Figure 1 shows also a UE with an access connection (solid arrow) to an IAB Node and mobility measurements (dashed arrows) on other neighboring Nodes.  The IAB Nodes should appear like normal gNBs to UEs, and UE mobility measurements should not be affected by IAB deployment.
Questions are now what arrangement and configurations are needed to (1) enable IAB Nodes’ measurements on other Nodes and (2) if UE mobility measurements can be handled well enough despite IAB. IAB Nodes’ measurements should preferably be similar to mobility measurements of an access UE. A difference is that IAB measurements could be bidirectional.     
[image: ]
Figure 1: Candidate connections (dashed lines) besides active connections (solid lines).

Proposal 1: IAB Nodes are measuring link quality to candidate Nodes besides the active IAB connection(s). 
Discovery of other nodes could be a separate function running before or at least independently of the measurements on candidate links. This is a reasonable assumption when the nodes are stationary and when assuming the addition of a new IAB Node to the system happens rarely. Discovery might then take place without constraints due to the allocation of BH for the discovering IAB Node. 

2.2 	Assumptions on resource allocation 
With self-backhauling, there are four link directions to be supported: UL and DL access links, and upstream and downstream BH links. Allocation of resources for these four link directions is discussed in detail in [2], but the part relevant for measurements is repeated here because opportunities for measurements obviously depends on the resource allocation.  
In [2], allocation alternatives with different assumptions on multiplexing of link directions are considered. Here we concentrate on the alternative we consider the basic one: half-duplex operation and TDM between access and BH (except that FDM or SDM may be used between DL access and downstream BH TX and between UL access and upstream BH RX). With such assumptions, the transmission/reception configurations for a chain of IAB Nodes (three-hop scenario) are obtained as depicted in Figure 2 where the transmission direction of an IAB node would depend on the level of hierarchy (hop count from Donor). The four configurations of link directions could be allocated in time following a fixed pattern or the allocation of the configurations could be to some extent dynamic. Even with dynamic allocation, there could be slots fixed for a certain link direction. It should be noted that the basic allocation scheme is the most constrained one.  
Observation 1: The basic IAB allocation scheme includes four configurations of transmission directions and the transmission direction of an IAB Node in a configuration depends on the hop-count from the Donor. 
[image: ]  
Figure 2: Four configurations of transmission directions for half-duplex IAB Nodes in multi-hop IAB. 
2.3 	UE measurements in presence of IAB
As can be observed from Figure 2, the basic IAB allocation scheme means that, compared with Donors, IAB Nodes have fewer DL Access slots available for SS/PBCH block transmission. This is demonstrated in Figure 3 for the fixed and dynamic BH/Access allocation schemes discussed in [2]. In Figure 3, the top part corresponds to fixed BH/Access allocation and lower one to dynamic allocation. “D” refers to DL Access, “U” to UL Access, “F” to flexibly allocated slot, and the BH slots are without any marking. The figure corresponds to 120 kHz SCS, and the possible SS/PBCH block occasions are as shown in the bottom (64 occasions/5ms). The DL access slots with orange color are carrying SS/PBCH blocks in an exemplary allocation of 8 blocks per 5 ms to the beginning of the 5 ms period. With equal allocation of the four configurations of Figure 2, like in the upper part of Figure 3, the number of SS/PBCH transmission opportunities is halved for the IAB Nodes. With some other fixed allocation, the transmission opportunities may be even fewer and their number may depend on the IAB Node’s count of hops from Donor.  With the flexible BH/Access allocation scheme introduced in [2], the slots fixed for Node’s DL transmission, and therefore always available for SS/PBCH block transmission, may be fairly few as shown in the lower part of Figure 3.
[bookmark: _GoBack]One can observe that SS/PBCH transmission with IAB may be a concern, and it could in some situations be necessary to prioritize SS/PBCH transmissions: instead of configuring their transmissions according to BH/Access allocation, they would be transmitted also in other than DL access slots. This could be acceptable at least with long SS/PBCH burst set periodicities.   
Observation 2: Depending on the allocation scheme of BH/Access slots, there could be a shortage of DL Access slots available for IAB Node’s SS/PBCH block transmission.    
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Figure 3. Mapping of SS/PBCH blocks to DL access slots for Donors and an IAB Nodes.
 2.4 	IAB Node’s measurements
The link monitoring must be enabled between chains of RNs originating from different Donors or between branches in a tree-shape topology. Such measurement opportunities cannot always be provided without breaks in the downstream-upstream slot configuration as demonstrated by the simple example in Figure 4: assuming the basic allocation configurations of Fig. 2, Nodes 2 and 3 are on the same level of hierarchy and normally always transmit or receive in the same slots. Then, at least one of the nodes must have an IAB measurement gap: RX in a slot that is normally used for transmission or TX in a slot that is normally for reception. In the other end there may be beam switching but no change in the TX/RX direction.  
[image: ]
Figure 4: Illustration on IAB measurement gaps. Nodes 2 and 3 normally transmit (and receive) simultaneously: One of nodes must switch from TX to RX or from RX to TX to allow measurements between Nodes 2 and 3.
Observation 3: To enable monitoring between all IAB Nodes, IAB measurement gaps must be introduced: RX in a slot that is normally used for transmission or TX in a slot that is normally for reception.
The IAB measurements should provide beam level information on the candidate links. This would be essential for fast switching of the connection to a candidate link. The CSI-RS measurement configurations for UE’s mobility measurements seems to be flexible enough for IAB purposes. What could simplify things is that IAB measurements are needed infrequently. In addition to CSI-RS, the measurement could be based on SRS transmission. This would allow defining master-slave relations between IAB Nodes: Masters would follow undisturbed TX/RX pattern and slaves would be receiving CSI-RS or transmitting SRS. 
Observation 4: The framework of CSI-RS based UE mobility measurements could be applied as such for IAB measurements.       
[bookmark: _Toc415085486][bookmark: _Toc503902229]3 	Conclusion
Our proposals and observations on RRM measurements in presence of IAB are:
Proposal 1: IAB Nodes are measuring link quality to candidate Nodes besides the active IAB connection(s). 
Observation 1: The basic IAB allocation scheme includes four configurations of transmission directions and the transmission direction of an IAB Node in a configuration depends on the hop-count from the Donor.
Observation 2: Depending on the allocation scheme of BH/Access slots, there could be a shortage of DL Access slots available for IAB Node’s SS/PBCH block transmission.    
Observation 3: To enable monitoring between all IAB Nodes, IAB measurement gaps must be introduced: RX in a slot that is normally used for transmission or TX in a slot that is normally for reception.
Observation 4: The framework of CSI-RS based UE mobility measurements could be applied as such for IAB measurements.       
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