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1 Introduction

In the last meeting, following agreements were made regarding on detection and measurement of candidate backhaul links for NR IAB [1].
	Agreements:

· To support the half-duplex constraint from the perspective of a given IAB node, IAB supports detection and measurement of candidate backhaul links (after initial access) which utilizes resources that are orthogonal in time from those used by access UEs for cell detection and measurement. 

· The following solutions can be further considered:

· TDM of SSBs (e.g. depending on hop order, cell ID, etc.)

· SSB muting across IAB nodes 

· Multiplexing of SSBs for access UEs and IABs within a half-frame or across half-frames 

· Additional IAB node discovery signal TDM with SSB (e.g. CSI-RS)

· Use of off-raster SSBs

· Different transmission periodicity compared to the periodicity used by access UEs

· Further study coordination mechanisms for different solutions

Agreements:

· IAB supports SSB and CSI-RS based RRM measurements. The following features can be considered:

· Mechanisms for coordination of RS transmission and measurement occasions for IAB nodes 

· Enhancements of SMTC and CSI-RS configurations for IAB 

· An IAB-node supports mechanisms for detecting/recovering from backhaul link failure based on Rel-15 mechanisms.

· Study enhancements to RLM RS and associated procedures for IAB


In this contribution, we discuss on discovery procedure among IAB nodes and discovery signal structure for IAB node.
2 Discovery scenarios for NR IAB
In this contribution, we define following nodes. From a point of a node, we propose to there can be three kinds of nodes. 
· Detected node: After a node is connected to a parent node, it can search other neighbour nodes by detection procedure. These nodes detected by a node using discovery signal are called ‘detected node’.
· Measurement node: As measuring all IAB nodes in the system can be very inefficient, a part of nodes among detected nodes which have good channel quality can be selected to be followed up. These nodes belong to the pool of candidate parent nodes and called ‘measurement node’.
· Parent node: When a node changes its parent node or add a new parent node, the node can select a node among measurement nodes and make a connection. cases
In this section, we introduce several discovery scenarios. In following cases, a node connected to a network needs to detect neighbor nodes.

(1) Appearing a new node

When a new node is connected to a parent node via initial access procedure, the node needs to search neighbor nodes and existing nodes also need to detect the new node. This detection procedure may occur rarely, so it seems proper to perform neighbor node detection aperiodically. 

When a node made a connection, the parent node can report that a new node is connected to the DgNB. Then, the DgNB can trigger to transmit discovery signal and detect neighbor nodes to nodes under the DgNB. In terms of discovery signal triggering, it can be a new measurement RS configuration to IAB nodes for the given new node. Also, the new node is configured with measurement RS configurations of other IAB nodes. 
(2) Change of measurement nodes 

If the channel qualities of measurement nodes are not good in general due to the change of channel environment, it is necessary to compose the set of measurement nodes newly. In this case, it is necessary to first detect neighboring IAB nodes again and change measurement nodes.
When detection procedure is performed aperiodically, a node can request to the DgNB to trigger the detection process. On the other hand, if the detection is performed periodically, the node can change its measurement nodes periodically by performing a detection process. 

(3) Mobile node

Considering the presence of a mobile node, nodes in around can be changed continuously. In this case, it is necessary to periodically perform detection to update the measurement nodes. 

Therefore, detection can be performed periodically for this case. Alternatively, DgNB can configure to perform periodic detection or aperiodic detection.

If static IAB node is considered only in this study, it seems proper to trigger IAB node detection aperiodically. On the other hand, to perform continuous measurement of candidate links, to perform periodic measurement seems desirable.
Though mobile relay is not the main scope of Rel-16 IAB SI, for forward compatibility, it is also considerable to support potential mobile relay nodes in the scenario. 

As shown in different scenarios, there can be cases to discover new nodes by already connected IAB nodes. Performing discovery procedure periodically can be very inefficient as the resources (at least in time) for discovery procedure cannot be used for other purposes such as data transmission. As DgNB can maintain topology information, we propose to consider ‘aperiodic’ detection procedure which can be triggered on-demand by a DgNB or an IAB node. 
Proposal 1: IAB supports aperiodic detection and periodic measurement of neighbor nodes.

3 Discovery procedure for NR IAB
In this section, we discuss the characteristics of discovery signal for detection and measurement, and procedure to detect and measure neighbor nodes.
3.1 Discovery signal for detection and measurement
Detection and measurement are included in discovery procedure, but detection and measurement have different characteristics
(1) Detection

IAB node detection is to find nodes and beam direction(s) of the node. According to the discussion in Section 2, detection can be performed aperiodically. Though DgNB can configure appropriate discovery signal resource for a given node to be detected and inform the discovery signal configuration and node ID to other IAB nodes, without knowing exact location and channel conditions among IAB nodes, discovery signal for detection needs to support beam coordination. Thus, regardless of SSB or CSI-RS, it is necessary to support Tx beam sweeping and repetition for Rx beam sweeping. As there is no aperiodic CSI-RS or SSB transmission for RRM in access link, to minimize the impact on access UEs, it is natural to transmit aperiodic discovery signal via backhaul link. One example is to configure N CSI-RS resources for N Tx beams where each CSI-RS resource is repeated in M times. Another example is to configure SSB in non-sync raster. 
By the detection procedure, a node can detect neighbor node ID and beam direction(s). In addition, initial measurement can be performed for detected nodes. This measurement result can be reported to parent node (or DgNB), and measurement nodes can be selected by the parent node (or DgNB) based on the report. Or, unnecessary nodes for continuous measurement nodes can be filtered by the node itself, then only selected nodes can be reported to parent node. 
(2) Measurement

Measurement is to follow up the channel status of the candidate backhaul links. To perform continuous measurement of candidate links, it seems desirable to perform periodic measurement. For measurement of backhaul links in worth to follow up, a subset of detected nodes and beam direction(s) per node can be measured. Therefore, each node may transmit discovery signal for measurement using a part of Tx beam directions. Considering above aspects, CSI-RS based discovery signal for IAB node measurement seems suitable. Discovery signal for measurement can be based on CSI-RS, and it can be transmitted in access link or backhaul link. It needs to be discussed further which link is used to transmit discovery signal for IAB node measurement.
For IAB node measurement, parent node needs to inform set(s) of node index and related measurement resource(s). A node can report the measurement result per measurement resource and it can be used to manage backhaul link of the node.
Based on above discussion, it seems proper to separate discovery signal for detection and measurement at least from configuration perspective. Then, detection procedure using discovery signal for detection is triggered aperiodically and measurement procedure using discovery signal for measurement is performed periodically.
Proposal 2: It is desirable to separate discovery signal for detection and measurement at least from configuration perspective. Detection signal should supports Tx and Rx beam sweeping whereas measurements may support only a selected set of Tx-Rx beam pairs. 
3.2 Detection and measurement procedure
We discuss detection and measurement procedure in this section based on discussion on prior sections. 

For NR IAB detection and measurement, related configurations needs to be delivered to a child node in advance. Then, in case of aperiodic detection and periodic measurement illustrated in Figure 1, IAB detection request can be transmitted to child node that triggers neighbor node detection. In IAB detection request, information could be delivered such as updated configurations on IAB detection, node list for detection, and whether to perform detection only, discovery signal transmission only, or both. Then, the node transmits its discovery signal for detection in appointed resource, while tries to detect neighbor nodes within appointed detection resource beforehand. Next, the node report IAB detection result and parent node can transmit additional measurement configurations such as measurement node index, resource index, and Rx beam index based on the report. Based on the configurations, the node performs measurement and report to the parent node periodically.
If we consider periodic detection of IAB nodes, the discovery procedure can follow Figure 2. Since detection procedure does not need to be performed frequently as measurement procedure, a period for detection may be configured to have longer value than the measurement period. Parent node configures detection and measurement related configurations. Based on the configurations, a node can try to detect neighbor nodes periodically in configured resource. After the node report IAB detection result, parent node can transmit additional measurement configuration. Now, the node can perform periodic measurement and report based on the configurations. If IAB detection timing is coming back, the node perform detection and report and resources, nodes, and Rx beam direction may be updated. Then, the node measures candidate backhaul links based on the updated configurations. 
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Figure 1. Aperiodic detection and periodic measurement
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Figure 2. Periodic detection and measurement
4 Discovery signal structure for NR IAB
Our proposal for detailed structure of discovery signal for detection and measurement is introduced in this section. As discussed in prior sections, discovery signal can have different structure for detection and measurement.
4.1 Discovery signal for detection
At first, proposed discovery signal structure for detection is introduced. 
When discovery signal is transmitted once, it can be transmitted within a time duration called DS occasion. Within a DS occasion, discovery signals for multiple nodes can be transmitted. As shown in Figure 3.(a), if discovery signal is transmission aperiodically, DS occasion is generated after reception of IAB detection triggering message. On the other hand, for periodic discovery signal transmission, DS occasion is located periodically as shown in Figure 3.(b).
Figure 3.(c) illustrates discovery signal transmission structure within a DS occasion from a node perspective. For Tx beam sweeping, discovery signal is transmitted N times and n-th Tx beam direction is applied for DS#n when the number of Tx beam directions is N. In addition, for Rx beam sweeping, this N discovery signals are repeated M times where M is the number of Rx beam directions. 
When multiple nodes transmit discovery signal within a DS occasion, the resource of discovery signal may be different for different nodes to keep orthogonality among discovery signals. Furthermore, half-duplex constraints need to be considered where some randomization or grouping based on hop count may be necessary to maximize discover among IAB nodes. 
Because of Tx/Rx beam sweeping, discovery signal resource overhead and detection overhead become significant. So, it is desirable to perform discovery signal for detection transmission and IAB node detection rarely, and it seems proper to adopt aperiodic detection or periodic detection with long period.

Proposal 3: Discovery signal for detection of different nodes are transmitted in different symbols. Each discovery signal performs Tx beam sweeping and is repeated for Rx beam sweeping.
[image: image3.emf]DS occasion

SS

time

I

A

B

 

d

e

t

e

c

t

i

o

n

 

r

e

q

u

e

s

t

DS occasion

I

A

B

 

d

e

t

e

c

t

i

o

n

 

r

e

q

u

e

s

t


(a) Aperiodic DS occasion
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(b) Periodic DS occasion
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(c) Discovery signal transmission within a DS occasion
Figure 5. Discovery signal structure for IAB detection
4.2 Discovery signal for measurement
In case of discovery signal for measurement, CSI-RS structure and configurations can be reused.
CSI-RS is transmitted periodically. For CSI-RS based RRM measurement, multiple CSI-RS resources can be configures per cell ID. For a CSI-RS resource, configurations such as CSI-RS index, slot configuration, associated SSB index are included. Associated SSB is configured to indicate related Tx and Rx beam direction.
Similarly, discovery signal for measurement can be configured. Node IDs for measurement is configured, and one or multiple discovery signal resources per node ID can be configured. Associated SSB index in CSI-RS configuration can be replaced with DS index of discovery signal for detection in Section 4.1.
Proposal 4: CSI-RS configurations for RRM measurement can be reused for discovery signal for measurement.
5 Conclusion 

In this contribution, we discussed on discovery procedure among IAB nodes and discovery signal structure. From the discussion, we obtained following proposals.
Proposal 1: IAB supports aperiodic detection and periodic measurement of neighbor nodes.

Proposal 2: It is desirable to separate discovery signal for detection and measurement at least from configuration perspective. Detection signal should supports Tx and Rx beam sweeping whereas measurements may support only a selected set of Tx-Rx beam pairs. 
Proposal 3: Discovery signal for detection of different nodes are transmitted in different symbols. Each discovery signal performs Tx beam sweeping and is repeated for Rx beam sweeping.

Proposal 4: CSI-RS configurations for RRM measurement can be reused for discovery signal for measurement.
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