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Introduction
RAN1 #92bis achieved the following agreements
	Agreements:
· The SSB/CSI-RS based RRM measurement defined in NR R15 are considered as a starting point for IAB node discovery and measurement. 
· How to avoid conflicting SSB configurations among IAB nodes, as well as the feasibility of CSI-RS based IAB node discovery, should be studied.
· RAN1 should further study inter-relay discovery procedure subject to half-duplex constraint and multi-hop topologies.



Our companion RAN1 contribution [1] discusses backhaul discovery and measurements in IAB in details. In this contribution, we reiterate main points from [1] and further argue some configurations and signalling may be needed to address the half-duplex constraint, and this may have implications on various RAN WGs. 

NR-IAB Network: Components and Terminology
In this section, we reiterate some basics of NR-IAB concepts and terminologies. A typical IAB network is demonstrated in Figure 1.
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Figure 1: an example of IAB network
With reference to the above figure, we use the following terminologies in this document:
· IAB-donor: A RAN-node that provides UE’s interface to core network and wireless backhauling functionality to IAB-nodes.
· IAB-node: A RAN-node that provides IAB functionality, i.e. access for UEs combined with wireless self-backhauling capabilities. An IAB-node may have two roles:
· ANF: access node function, e.g. gNB or gNB-DU with a MAC scheduler, which schedules the UEs and other IAB-nodes under its control. 
· The UEs and other IAB-nodes that are under control of an IAB-node are called its child nodes. 
· UEF: UE function, i.e. the IAB-node acts as a UE which is controlled and scheduled by the IAB-donor or another IAB-node.
· The donor or another IAB-node who controls and schedules the IAB-node is called its parent node.

Inter-IAB-node discovery and measurements 

BH discovery/measurements seems very similar to the RRM procedure performed by the UEs – however with one fundamental difference that an IAB-node, while performing discovery/measurements, may have several associated UEs and child IAB-nodes to serve. One implication is that it is not feasible to base the BH operations solely on the already-transmitted SSBs (e.g. cell-defining SSBs or CD SSBs), because a half-duplex IAB-node cannot transmit SSBs (primarily for the benefits of the UEs) and scan/measure other IAB-nodes at the same time. 

BH discovery vs measurements
The integrated (connected) IAB-nodes need to periodically perform inter-IAB-node discovery to detect new IAB-nodes in their vicinity. This is essentially important to find suitable candidates to establish multiple BH connections (or backup connections) to provide the required robustness. Moreover, multiple of the detected IAB-nodes should be further (periodically) measured to enable multi-link (or multi-backup-link) operation. 
Although one may use the same procedure and signals to support both BH discovery and measurements (especially in a small static topology and through network coordination), the two operations may follow different procedures – as they have different characteristics and requirements. 
Observation 1: discovery and measurements have different requirements, and may follow different procedures.
· Inter-IAB-node discovery can be based on cell-specific reference signals (like SSB) transmitted periodically (with large periods) and via beam-sweeping using a set of coarse beams.
· BH measurements can be based on specific on-demand transmissions of reference signals (like CSI-RS) with short periodicity, and using finer beams.

SSB vs CSI-RS based RRM for BH discovery and measurements
In [1], we compare two rel-15 candidates to support inter-IAB-node discovery and measurement: synchronization signal block (SSB) (whose configuration is also referred as SMTC: SSB measurement time configuration) and CSI-RS based RRM. We believe both approaches should be supported for BH discovery and measurements, and it is left to the NW to decide which one (or a combination) to use. 
Half-duplex constraint and BH discovery and measurements
To address the half-duplex constraint, IAB-nodes should coordinate TX and RX (TX/RX coordination, or muting pattern) to enable discovering/measuring other IAB-nodes while being discoverable/measurable by other IAB-nodes.
Following a TX/RX coordination, an IAB-node (periodically) transmits some reference signals (SSB/CSI-RS) on a set of resources to provide measurement opportunities to other IAB-nodes, and monitors (is mute) during another set of resources to discover/measure other IAB-nodes. See Figure 2.
Proposal 1: IAB-nodes should coordinate TX and RX for the discovery/measurement of other IAB-nodes while being discoverable/measurable by the other IAB-nodes.
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[bookmark: _Ref513721513]Figure 2: TX/RX coordination (muting pattern) to address half-duplex constraint
The TX/RX coordination pattern may be semi-persistent, periodic, or dynamic. A dynamic pattern may follow a pseudo-random TX/RX pattern. A pseudo-random pattern can increase the chance of discovering new IAB-nodes by avoiding persistent collisions. However, it may adversely affect the performance of measurements – as we would require multiple temporal copies of the same signal for reliable measurements.
Observation 2: the TX/RX coordination pattern may be semi-persistent, periodic, dynamic, or it may follow a pseudo-random pattern. 
· a pseudo-random pattern can increase detectability, and may be more suitable for inter-IAB-node discovery. 
· a semi-persistent or periodic pattern may be more suitable for measurements.

How to configure a muting pattern?
The configuration may be determined in a distributed manner – for example, the muting pattern may be decided based on some preconfigured rule (like hop-number based resource selection), or more randomly as discussed above. Alternatively, the configuration may be determined centrally by the network and indicated to the IAB-nodes. 
Observation 3: the TX/RX coordination can be configured centrally by the network, or in a distributed manner by the IAB-nodes.
Proposal 2: Further study the details of configuration of the TX/RX coordination and its required signaling.

Table 1 summarizes different aspects of TX/RX coordination.
[bookmark: _Ref513720808]Table 1: TX/RX coordination (muting pattern)
	TX/RX coordination
to address half-duplex constraint in inter-IAB-node discovery and measurements

	TX/RX pattern
	Semi-persistent, periodic, dynamic, (pseudo-) random

	Configuration
	Alt1. centralized

	
	Alt2. distributed, e.g. based on a preconfigured rule, or (pseudo-) random

	Signaling
	Required configuration signaling for the centralized approach (FFS: distributed approach)



We should also make sure there is no impact of BH discovery and measurements on the UEs. To avoid any conflict with the UEs’ operations:
· BH discovery and measurements should occur on time resources that are not overlapping with the periodic transmissions to the UEs (e.g. cell-defining SSBs, UE’s configured SMTC, or periodic CSI-RS)
· Sporadic SSB transmissions, following a muting pattern, may confuse the UEs, if they are transmitted on a sync raster.
Observation 4: BH discovery and measurements should occur on time resources that are not overlapping with the periodic transmissions to the UEs.
Observation 5: Sporadic SSB transmissions, following a muting pattern, may confuse the UEs, if they are transmitted on a sync raster.

A baseline framework 
Figure 3 demonstrates a baseline framework to support BH discovery and measurements in an NR-IAB network, and Table 2 summarizes the reference signals that can be sued for various BH operations. In the proposed scheme, inter-IAB-node discovery is based on a periodic transmission of off-raster SSBs, following a muting pattern, on TDM’ed resources with cell-defining SSBs, and transmitted with potentially a longer periodicity.
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[bookmark: _Ref513563849]Figure 3: Signalling used for various BH operations

[bookmark: _Ref513564034]Table 2: reference signals used for various BH operations
	BH procedure
	Baseline ref signals
	Additional ref signals 

	Initial acquisition
	CD SSBs
	Off-raster SSBs

	Inter-IAB-node discovery
	Off-raster SSBs
	CD SSBs, CSI-RS

	BH measurements
	On-demand CSI-RS
	CD SSBs, off-raster SSBs




Conclusion
In this contribution, we provided our view on inter-IAB-node discovery and BH measurements, and made the following observations and proposals:

Observation 1: discovery and measurements have different requirements, and may follow different procedures.
· Inter-IAB-node discovery can be based on cell-specific reference signals (like SSB) transmitted periodically (with large periods) and via beam-sweeping using a set of coarse beams.
· BH measurements can be based on specific on-demand transmissions of reference signals (like CSI-RS) with short periodicity, and using finer beams.
Observation 2: the TX/RX coordination pattern may be semi-persistent, periodic, dynamic, or it may follow a pseudo-random pattern. 
· a pseudo-random pattern can increase detectability, and may be more suitable for inter-IAB-node discovery. 
· a semi-persistent or periodic pattern may be more suitable for measurements.
Observation 3: the TX/RX coordination can be configured centrally by the network, or in a distributed manner by the IAB-nodes.
Observation 4: BH discovery and measurements should occur on time resources that are not overlapping with the periodic transmissions to the UEs.
Observation 5: Sporadic SSB transmissions, following a muting pattern, may confuse the UEs, if they are transmitted on a sync raster.

Proposal 1: IAB-nodes should coordinate TX and RX for the discovery/measurement of other IAB-nodes while being discoverable/measurable by the other IAB-nodes.
Proposal 2: Further study the details of configuration of the TX/RX coordination and its required signaling.
References
[1] [bookmark: _GoBack]R1-180xxxx, “Inter-IAB-node discovery”, Qualcomm, submitted to RAN-1 Meeting #93, Busan, South Korea, May 21-25, 2018.
image1.png
Wireline Wireline

IAB-donor2
S~~-Backi
NR BH link

~~.

IAB-donor 1
NR B)I-L Iink‘
IAB-Node O

NR access link /

UE‘ i

IAB Node

NR BH link .

........ Backup NR BH links O
NR access link





image2.emf
IAB-node 1

IAB-node 2

TX

RX

RX

TX

TX

RX

RX

TX


image3.png
Periodic SSB

(intended for BH discovery) On-demand CSI-RS B measurement
[off-raster, longer periods, muting pattern] (intended for UEs/UEFs measurements) [ transmission
BH
“S5Bs >
e (e i
raster H'I H'I
Sync
o — CDSSB CD SSB Hﬂ CD SSB CD SSB
[N

Periodic cell-defining SSB
(intended for initial acquisition of
UEs/IAB-nodes)




