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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.



This contribution discusses backhaul discovery and measurements in IAB. We 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.
[image: ]
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.
An access link is terminated by an access node (gNB) on one side and a UE on the other side. In IAB, a BH link is terminated by two access nodes. Following Figure 1, and to be able to reuse access link design to support BH, one side should function as an access node (AN-F: access node function), while the other side functions as a UE (UE-F: UE function). When the roles (AN-F/UE-F) of two IAB-nodes over a BH link are well-defined, the resulting hierarchy makes [most of] the access link designs readily applicable to the BH link. 
We assume (AN-F/UE-F) assignment is handled, potentially along with topology, routing and resource management, by upper-layer procedures and signalling. Our companion contributions [1] and [2] discuss such management procedures.  

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. 
BH discovery may rely on some periodically beam-swept transmissions of reference signals to assure detecting new IAB-node candidates. Such broadcast transmissions would better use coarse beams to reduce the resource overhead. Considering limited/no mobility, the periodicity can be enlarged (e.g. a couple of 100s of milliseconds) to further reduce the overhead. The broadcast signals should be cell-specific to be useful for all (including new) receiving IAB-nodes. 
BH measurements, on the other hand, should use finer TX/RX beams. Hence, it would better be specified on-demand (like UE-specific configurations). To support multi-link operation and agile topology adaptation, the BH measurements should follow a faster time-scale.
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
The first questions to answer are whether we can leverage rel-15 RRM design for BH? Which one is more suitable for BH operation: SSB or CSI-RS based approach? 
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. However, we notice if the network is not [tightly] synchronized, we should rely on SSB for discovery and measurements (CSI-RS may also be utilized additionally). Because time synchronization based on CSI-RS is
· complicated, due to having many sequence candidates to search for, 
· not reliable, due to an ambiguity resulting from the time-domain repetitive waveform of CSI-RS (with frequency domain density of 1, or 3).
Table 1 compares the current SSB based (SMTC) and CSI-RS based RRM frameworks. We observe CSI-RS based RRM generally has more flexibility, but may suffer from large configuration signalling overhead, and not supporting blind discovery (i.e., the cell id and resource configuration of the transmitting nodes should be known by the receiving node).
[bookmark: _Ref513545024]Table 1: Comparison of SSB and CSI-RS based RRM
	Aspects
	SSB based
	CSI-RS based

	Time synchronization
	Ambiguity
	No ambiguity
	Ambiguity due to TD repetitions

	
	Complexity
	Less complex searcher
	More complex

	Resource overhead
	More (e.g. 2X with 4 symbols of 240kHz)
	Less (e.g. 1 symbol of 120kHz)

	Periodicity 
	More flexible (up to 160 msec)
	Less flexible (up to 40 msec)

	Flexibility of FD config
	Flexible
	Flexible

	Flexibility of TD config
	Follow SS burst set pattern
	Symbol-level flexibility

	Flexibility of measurement config
	1 SMTC per freq (inter-freq)
	Flexible: can config multiple windows per frequency

	Configuration signaling overhead
	Less 
	More

	Support blind discovery
	Yes
	No, cell ids and resources should be given



Note that some of the limitations of the current rel-15 design may be relaxed to enhance the BH discovery/measurements. For example, larger periodicities or larger number of SMTC per frequency may be supported. 

Observation 2: comparing SSB-based and CSI-RS based RRM framework:
· CSI-RS based approach has more configuration flexibility, 
· CSI-RS based approach has more configuration signalling overhead,
· CSI-RS based approach requires knowledge of identity and configuration of the transmitting node, and hence does not support blind discovery,
· without tight synchronization, SSB should be used to provide fine time synchronization.

Proposal 1: simple modifications to the NR R15 RRM framework should be considered to make it more suitable for backhaul operations.
· FFS: new values for CSI-RS/SMTC periodicity, maximum number of SMTC configured per frequency, flexible time-domain location of the SSBs within a SMTC.

Half-duplex constraint and BH discovery and measurements
[bookmark: _Hlk513824311]To address the half-duplex constraint of the IAB-nodes, IAB-nodes should coordinate their 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 subset of measurement resources to provide measurement opportunities to other IAB-nodes, and monitors (is mute) during the rest of measurement resources to discover/measure other IAB-nodes. One implication is that the current SMTC framework (with at most one SMTC configured per frequency) may not be sufficient. It should be further studied how to modify rel-15 SMTC framework considering the required TX/RX coordination – for example:
· Increase the maximum number of SMTC configurations per frequency to [K] (K>1)
· Support indication of muting within the configured SMTC resources.

Proposal 2: IAB-nodes should adopt a TX/RX coordination (muting pattern) to enable discovering/measuring other IAB-nodes while being discoverable/measurable by the other IAB-nodes.

The TX/RX coordination pattern may be semi-persistent, periodic, or dynamic. A dynamic muting 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 3: 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 TX/RX coordination?
The configuration may be determined in a distributed manner – for example, the TX/RX coordination 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 4: 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 the configuration of the TX/RX coordination and its required signaling.

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 5: BH discovery and measurements should occur on time resources that are not overlapping with the periodic transmissions to the UEs.
Observation 6: Sporadic SSB transmissions, following a muting pattern, may confuse the UEs, if they are transmitted on a sync raster.

A baseline framework 
Figure 2 demonstrates a baseline framework to support BH discovery and measurements in an NR-IAB network, in which:
· Initial acquisition of UEs and IAB-nodes is based on the periodic transmission of cell-defining SSBs
· Inter-IAB-node discovery is based on a periodic transmission of off-raster SSBs, following a muting pattern, TDM’ed with cell-defining SSBs, and transmitted with potentially a longer periodicity
· BH and access measurements is based on on-demand CSI-RS.
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[bookmark: _Ref513563849]Figure 2: Signaling used for various BH operations

We further notice that while this proposal provides a baseline for various operations, other available transmissions can also be used in addition – e.g. using SSBs for measurements, or CSI-RS for discovery. Table 2 summarizes this proposal.
[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



Proposal 3: adopt the proposed framework in Table 2 for initial acquisition, inter-IAB-node discovery and BH measurements. 

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: comparing SSB-based and CSI-RS based RRM framework:
· CSI-RS based approach has more configuration flexibility, 
· CSI-RS based approach has more configuration signalling overhead,
· CSI-RS based approach requires knowledge of identity and configuration of the transmitting node, and hence does not support blind discovery,
· without tight synchronization, SSB should be used to provide fine time synchronization.
Proposal 1: simple modifications to the NR R15 RRM framework should be considered to make it more suitable for backhaul operations.
· FFS: new values for CSI-RS/SMTC periodicity, maximum number of SMTC configured per frequency, flexible time-domain location of the SSBs within a SMTC.
Proposal 2: IAB-nodes should adopt a TX/RX coordination (muting pattern) to enable discovering/measuring other IAB-nodes while being discoverable/measurable by the other IAB-nodes.
Observation 3: 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 4: 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 the configuration of the TX/RX coordination and its required signaling.
Observation 5: BH discovery and measurements should occur on time resources that are not overlapping with the periodic transmissions to the UEs.
Observation 6: Sporadic SSB transmissions, following a muting pattern, may confuse the UEs, if they are transmitted on a sync raster.
[bookmark: _GoBack]Proposal 3: adopt the proposed framework in Table 2 for initial acquisition in IAB, inter-IAB-node discovery and BH measurements. 
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