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Introduction
[bookmark: _GoBack]This contribution provides a TP capturing RAN1 agreements for IAB initial access and measurement aspects based on agreements made in RAN1#94 and RAN1#94bis. 
TP on Physical layer aspects for IAB
[bookmark: _Toc510529877]-------Text Proposal for TS 38.874 Section 7----
[bookmark: _Toc525213615]7.2	Backhaul link discovery and measurements
[bookmark: _Toc525213616]7.2.1	IAB-node initial access (Stage 1)
In case of SA deployments, An initial IAB node discovery by the MT (Stage 1) can follows the same Rel.15 initial access procedure as an UE, including cell search, SI acquisition, and random access, in order to initially set up a connection to a parent IAB-node or a IAB-donor. The SSB/CSI-RS based RRM measurement defined in Rel-15 NR is the starting point for IAB-node discovery and measurement.The SA Stage 1 initial access is based on SSBs available for access UEs without additional required specification support. How to support NSA Stage 1 initial access should be further studied.  
The inter IAB-node discovery procedure subject to half-duplex constraint and multi-hop topologies should be studied, including how to avoid conflicting SSB configurations among IAB-nodes, as well as the feasibility of CSI-RS based IAB-node discovery. 
When considering the cell ID used by a given IAB-node, two cases can be further studied: 
Case 1: IAB-donor and IAB-node share the same cell ID 
Case 2: IAB-donor and IAB-node maintain separate cell IDs 
Editor’s Note: The feasibility of Case 1 may depend on architectures considered in Section 6. 

7.2.2	Inter-IAB node discovery and measurement (Stage 2)
For the purpose of backhaul link measurements IAB supports both SSB and CSI-RS for backhaul link RSRP/RSRQ RRM measurements.
For the purpose of inter-IAB node and donor detection after the IAB node DU becomes active (Stage 2), the inter IAB-node discovery procedure needs to take into account the half-duplex constraint at an IAB node and multi-hop topologies.  the following solutions are supported:
SSB-based solutions (Solution 1):
· Solution 1-A) Reusing the same set of SSBs used for access UEs
· In this case, a SSB for inter-IAB cell search in stage 2 is on the currently defined sync raster for a SA frequency layer, while for a NSA frequency layer the SSBs are transmitted inside of the SMTC configured for access UEs.
· Solution 1-B) Use of SSBs which are orthogonal (TDM and/or FDM) with SSBs used for access UEs
· In this case, a SSB, that may get muted, for inter-IAB cell search and measurement in stage 2 is not on the currently defined sync raster for a SA frequency layer, while for a NSA frequency layer the SSBs are transmitted outside of the SMTC configured for access UEs.

An IAB node should not mute SSB transmissions targeting UE cell search and measurement when doing inter-IAB cell search in stage 2
· For SA, this means that SSBs transmitted on the currently defined sync raster follow the currently defined periodicity for initial access. 
· In case of Solution 1-B, this implies SSBs, that may get muted, for inter-IAB stage 2 cell search is at least TDM with SSBs used for UE cell search and measurements.

CSI-RS based solutions (Solution 2):
· CSI-RS can be used for inter-IAB detection in synchronous network

The following aspects should be further considered as part of the study:
· Enhancements to Rel.15 CSI-RS and SSB measurement configurations and required coordination 
· Enhancements for off-raster SSB, e.g. new periodicities and time-domain mapping can be considered 
· Extended periodicities for CSI-RS for IAB node discovery and measurement

[bookmark: _Toc525213617]7.2.2	Backhaul link measurement
Measurements on multiple backhaul links for link management and route selection should be studied. 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. Related to this, the following can be further studied:
1. TDM of SSBs (e.g. depending on hop order, cell ID, etc.)
1. SSB muting across IAB-nodes 
1. Multiplexing of SSBs for access UEs and IABs within a half-frame or across half-frames 
1. Additional IAB-node discovery signal which is TDM with Rel-15 SSB transmissions (e.g. CSI-RS)
1. Use of off-raster SSBs
1. Different transmission periodicity for backhaul link detection and measurement compared to the periodicity used by access UEs
Coordination mechanisms for the different solutions should be further studied, including mechanisms for coordination of RS transmission and measurement occasions for IAB-nodes. 
Enhancements of SMTC and CSI-RS configurations to support RRM measurement for IAB-nodes can be considered as part of the study.
[bookmark: _Toc525213618]
7.2.3	IAB-node RACH
IAB supports the ability of network flexibility to configure backhaul RACH resources with different occasions, longer RACH periodicities, and additional preamble formats allowing for longer RTT, compared to access RACH resources without impacting Rel.15 UEs. 
Based on Rel-15 PRACH configurations, the network is allowed to configure offset(s) for PRACH occasions for the MT of IAB node(s), in order to TDM backhaul RACH resources across adjacent hops. 

7.2.43	Backhaul link management
An IAB-node supports mechanisms for detecting/recovering from backhaul link failure based on Rel-15 mechanisms. Enhancements to RLM RS and associated procedures for IAB can be further studied.
To support RLM/RLF procedures for IAB nodes, the following should be further studied: 
· Enhancements to support interaction between Beam Failure Recovery success indication and RLF 
· Enhancements to existing beam management procedures for faster beam switching/coordination/recovery to avoid backhaul link outages should be considered for IAB nodes

In addition, the need for additional backhaul link condition notification mechanism (E.g., if the parent IAB node’s backhaul link fails) from the parent IAB node DU to the child IAB node as well as corresponding IAB node behaviour should be studied.

Editor’s Note: This section focuses on physical layer aspects only and is complementary to the aspects address in Section 9.7.10.

-------End of Text Proposal ----
Appendix: List of RAN1#92bis and RAN1#93 agreements
Agreements from RAN1#94:
Agreements:
· In case of SA deployments, initial IAB node discovery by the MT (Stage 1) follows the Rel.15 procedure for cell search and initial access based on SSBs available for access UEs without additional required specification support.
· FFS: how to support NSA deployment
· FFS whether Stage 2 enhancements (if any) can be applied to Stage 1

Agreements:
· For the purpose of inter-IAB node and donor detection after the IAB node DU becomes active (Stage 2) at least one of the following solutions should be supported:
· SSB-based solutions (Solution 1):
· Solution 1-A) Reusing the same set of SSBs used for access UEs
· Solution 1-B) Use of SSBs which are orthogonal (TDM and/or FDM) with SSBs used for access UEs
· Mechanisms to support half-duplex transmission/measurement of SSBs (e.g. muting patterns) for Solution 1-A) or Solution 1-B) 
· Further study potential impacts of the above solutions on access UEs performing initial access/in IDLE mode, including:
· Cell detection/measurement performance impact due to loss of SSB occasions due to muting
· Discovery of SSBs by access UEs which are intended only for IAB node discovery
· CSI-RS based solutions (Solution 2)
· Feasibility of CSI-RS only based discovery in case of unsynchronized network operation 
· Further study enhancements to existing configurations (e.g. SMTC and CSI-RS configuration) and inter-node coordination (e.g. F1) for Solutions 1) or 2) and possibility of aperiodic transmission of SSBs/CSI-RS

Agreements:
· IAB supports the ability of network flexibility to configure backhaul RACH resources with different occasions, periodicities, and/or formats, compared to access RACH resources without impacting Rel.15 UEs
· Further study mechanisms under current PRACH design framework to ensure that after initial access, IAB nodes and access UE of its mother node can be configured or identify TDMed PRACH occasions.
· Further study the need for new RACH formats/configurations specific for IAB node random access

Agreements:
· For the purpose of backhaul link measurements IAB supports both SSB and CSI-RS for backhaul link RSRP/RSRQ RRM measurements. Further consider the following aspects:
· Enhancements to Rel.15 CSI-RS and SSB measurement configurations and required coordination 

Agreements:
· To support RLM/RLF procedures for IAB nodes, the following should be further studied: 
· Enhancements to support interaction between Beam Failure Recovery success indication and RLF 
· Enhancements to existing beam management procedures for faster beam switching/coordination/recovery to avoid backhaul link outages should be considered for IAB nodes
Agreements:
· Study the need for additional backhaul link condition notification mechanism from the parent IAB node DU to the child IAB node as well as corresponding IAB node behavior.
· E.g., if the parent IAB node’s backhaul link fails (RLF or BF) 
· Note: this study is intended to focus on RAN1 aspecs only (any higher layers aspects are to be handled by other WGs)

Agreements from RAN1#94bis:
Agreements:
1. Solution 1-B means SSB, that may get muted, for inter-IAB cell search and measurement in stage 2 is not on the currently defined sync raster for a SA frequency layer, while for a NSA frequency layer the SSBs are transmitted outside of the SMTC configured for access UEs
1. Solution 1-A means SSB for inter-IAB cell search in stage 2 is on the currently defined sync raster for a SA frequency layer, while for a NSA frequency layer the SSBs are transmitted inside of the SMTC configured for access UEs

Agreements:
An IAB node should not mute SSB transmissions targeting UE cell search and measurement when doing inter-IAB cell search in stage 2
· For SA, means that SSBs transmitted on the currently defined sync raster follows the currently defined periodicity for initial access 
· Means that Solution 1-B implies SSB, that may get muted, for inter-IAB stage 2 cell search is at least TDM with SSB used for UE cell search and measurements
Agreements:
· Solution 1-A and Solution 1-B are both supported
· Enhancements for off-raster SSB, e.g. new periodicities and time-domain mapping can be considered 

Agreements:
· CSI-RS can be used for inter-IAB detection in synchronous network
· Extended CSI-RS periodicities can be considered. 

Agreements:
· For IAB node random access support
· Longer RACH periodicity
· Additional preamble formats allowing for longer RTT
· Details left for WI phase

Agreements:
· Based on Rel-15 PRACH configurations, NR allows network to configure offset(s) for PRACH occasions for MT IAB node(s), to TDM backhaul RACH resources across adjacent hops. The detailed granularity of the offset (e.g., radio frame, subframe, slot, etc.) is left for WI phase

