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Introduction
This contribution provides a TP capturing RAN1 agreements for IAB PHY-related 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: _Toc525213613]7	Physical layer aspects
Editor’s note:	Primary responsible WG for this clause is RAN1.
[bookmark: _Toc503426872][bookmark: _Toc525213614]7.1	General
Based on the requirement listed in Section 5.2.5, the IAB design should strive to maximize the reuse of Rel-15 NR specifications for the design of the backhaul link. As a result, the Rel-15 NR physical layer should be the starting point for the physical layer of the IAB backhaul link. The following sections describe various aspects of the backhaul link physical layer design. 
[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 based on the same SSBs available for access UEs, 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 RSRP/RSRQ RRM measurements IAB supports both SSB-based and CSI- RS based solutions 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 three solutions are supported:
SSB-based solutions (Solution 1-A and 1-B):
· Solution 1-A) Reusing the same set of SSBs used for access UEs
· In this case, the SSBs for inter-IAB cell search in stage 2 are 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, the SSBs, that may get muted, for inter-IAB cell search and measurement in stage 2 are 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 its own 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 sync-raster SSB, e.g. new periodicities and time-domain mapping 
· 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:
· 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 which is TDM with Rel-15 SSB transmissions (e.g. CSI-RS)
· Use of off-raster SSBs
· 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.

[bookmark: _Toc525213619]7.2.54	Mechanisms for route switching or transmission/reception on multiple backhaul links
Mechanisms for efficient route switching or transmission/reception on multiple backhaul links simultaneously (e.g. multi-TRP operation and intra-frequency dual connectivity) should be studied. However, it is noted that the feasibility of those mechanisms may depend on architectures considered in Section 6. 

[bookmark: _Toc525213620]7.3	Scheduling and resource allocation/coordination
[bookmark: _Toc525213621]7.3.1	Scheduling of backhaul and access links
As shown in Figure 7.3.2-1, the following link types are supported for IAB:
· Access link: a link between an access UE and an IAB node or IAB donor (LA,DL or LA,UL)
· Backhaul link: a link between an IAB node and an IAB child node (LC,DL or LC,UL) or an IAB parent node (LP,DL or LP,UL)

[image: ]
Figure 7.2.3-1 Different IAB link types
Editor’s Note: Depending on the topology/architectures considered in Section 6 and 9 respectively, the IAB node may have its functions for UL access and child BH respectively in the same location or different locations, and for a given BH link for an IAB node, it may be a parent BH or a child BH, depending on the topology/architecture.
Downlink IAB node transmissions (i.e. transmissions on backhaul links from an IAB-node to child IAB-nodes served by the IAB-node and transmissions on access links from an IAB-node to UEs served by the IAB-node) should be scheduled by the IAB-node itself. Uplink IAB transmission (transmissions on a backhaul link from an IAB-node to its parent IAB-node or IAB-donor) should be scheduled by the parent IAB-node or IAB-donor.

[bookmark: _Toc525213622]7.3.2	Multiplexing of access and backhaul links
IAB supports TDM, FDM, and SDM between access and backhaul links at an IAB-node, subject to a half-duplex constraint. Mechanisms for efficient TDM/FDM/SDM multiplexing of access/backhaul traffic across multiple hops considering an IAB node half-duplex constraint should be studied.
For TDM, the supported cases are given in Table 7.2.3-1.

Table 7.2.3-1: Supported TDM cases
	
	TDM Between:

	Case
	Link 1
	Link 2

	1
	LP,DL
	LC,DL

	2
	LP,UL
	LC,UL 

	3
	LP,DL
	LC,UL

	4
	LP,UL
	LC,DL 

	5
	LP,DL
	LA,DL 

	6
	LP,UL
	LA,UL 

	7
	LP,DL
	LA,UL

	8
	LP,UL
	LA,DL 

	9
	LP,DL
	LA,DL and LC,DL

	10
	LP,UL
	LA,UL and LC,UL

	11
	LP,DL
	LA,UL and LC,UL

	12
	LP,UL
	LA,DL and LA,DL

	13
	LC,DL
	LA,DL 

	14
	LC,UL
	LA,UL 

	15
	LC,DL
	LA,UL

	16
	LC,UL
	LA,DL 



In case of transmitter-side SDM/FDM, an IAB node simultaneously transmits in the DL (to an access UE and/or child IAB node) and transmits in the UL (to a parent IAB node). In case of receiver-side SDM/FDM, an IAB node simultaneous receives in the DL (from a parent node) and receives in the UL (from an access UE and/or child IAB node). 
Additionally, an IAB node can support multiplexing of DL transmissions to access UEs and child IAB nodes and multiplexing of UL transmissions from access UEs and child IAB nodes, using existing MU-MIMO or sectorization mechanisms.
The following solutions for the different multiplexing options can be further studied:
· Mechanisms for orthogonal partitioning of time slots or frequency resources between access and backhaul links across one or multiple hops
· Utilization of different DL/UL slot configurations for access and backhaul links
· Interference management including cross-link interference
· For support of SDM/FDM:
· DL and UL power control enhancements and timing requirements to allow for intra-panel FDM and SDM of backhaul and access links, as well as transmit power coordination between parent and child links. 
· Considerations of single panel vs. multi-panel operation (single or multiple baseband)
· Requirements of symbol-level timing alignment within an IAB node (e.g. Case #6/Case #7)


Editor’s Note: The level of required enhancement or optimization for the different options is FFS.

[bookmark: _Toc525213623]7.3.3	Resource coordination
[bookmark: _Hlk527574480][bookmark: _Hlk527573589]From an IAB-node MT point-of-view, as in Rel. 15, the following time-domain resources can be indicated for the parent link:
· Downlink time resource
· Uplink time resource
· Flexible time resource 
From a IAB-node DU point-of-view, the child link has the following types of time resources:
· Downlink time resource
· Uplink time resource
· Flexible time resource 
· Not available time resources (resources not to be used for communication on the DU child links) 
Each of the downlink, uplink and flexible time-resource types of the DU child link can belong to one of two categories:
· Hard: The corresponding time resource is always available for the DU child link 
· Soft: The availability of the corresponding time resource for the DU child link is explicitly and/or implicitly controlled by the parent node

At least for TDM Cases 1-12 in Section 7.3.2, an IAB node is configured with IAB-node specific resources in time available for the links. 
Mechanisms for scheduling coordination, resource allocation, and route selection across IAB-nodes/IAB-donors and multiple backhaul hops should be studied. Semi-static (on the timescale of RRC signalling) should be supported for resource (frequency, time in terms of slot/slot format, etc.) coordination between IAB-nodes. The following aspects can be further studied:
· Distributed or centralized coordination mechanisms
· Resource granularity,  adaptation period, and enhancements to existing mechanisms of for the required signalling (e.g. slot or symbol-level or TDD configuration pattern) provided to the IAB node
· Explicit or implicit indication of the resources
· Exchange of L1 and/or L3 measurements between IAB-nodes
· Exchange of topology related information (e.g. hop order) impacting the study of the backhaul link physical layer design
· Resource (frequency, time in terms of slot/slot format, etc.) coordination which is faster than semi-static coordination and the indication of resources within the configuration which can be dynamically and flexibly used for different links, including
· The need to consider the scheduling delay, IAB node processing delays, or information required to be available for the use of flexible resources
· Mechanisms to schedule flexible resources (e.g. GC-PDCCH)





[bookmark: _Toc525213624]7.4	IAB-node synchronization and timing alignment
The feasibility of over-the-air (OTA) synchronization and the impact of timing misalignment on IAB performance (e.g. the number of supportable hops) should be studied. 
The following levels of alignment between IAB-nodes/IAB-donors or within an IAB-node should be further studied:
· Slot-level alignment
· Symbol-level alignment
· No alignment

Mechanisms for timing alignment across multi-hop NR-IAB networks should be studied. IAB supports TA-based synchronization between IAB-nodes, including across multiple backhaul hops. Enhancements to existing timing alignment mechanisms can be further studied, including the TA required for IAB nodes to support different transmission timing alignment cases. 
The following cases of transmission timing alignment across IAB-nodes and IAB-donors should be further studiedhave been considered as part of the study:
· Case #1: DL transmission timing alignment across IAB-nodes and IAB-donors
· If DL TX and UL RX are not well aligned at the parent node, additional information about the alignment is needed for the child node to properly set its DL TX timing for OTA based timing & synchronization

· Case #2: DL and UL transmission timing is aligned within an IAB-node

· Case #3: DL and UL reception timing is aligned within an IAB-node

· Case #4: within an IAB-node, when transmitting using case 2 while when receiving using case 3

· Case #5: Case #1 for access link timing and Case 4 for backhaul link timing within an IAB-node in different time slots
· Case #6 (Case#1 DL transmission timing + Case #2 UL transmission timing):
· The DL transmission timing for all IAB nodes is aligned with the parent IAB node or donor DL timing 
· The UL transmission timing of an IAB node can be aligned with the IAB node’s DL transmission timing
· Case #7 (Case#1 DL transmission timing + Case #3 UL reception timing):
· The DL transmission timing for all IAB nodes is aligned with the parent IAB node or donor DL timing
· The UL reception timing of an IAB node can be aligned with the IAB node’s DL reception timing 
· If DL TX and UL RX are not well aligned at the parent node, additional information about the alignment is needed for the child node to properly set its DL TX timing for OTA based timing & synchronization

The impact of different cases on TDM/FDM/SDM multiplexing of access and backhaul links, potential impact of imperfect timing adjustment, overhead of required DL/UL switching gaps, cross-link interference, feasibility of the case when the IAB node is connected to one or multiple parent nodes, and impact on access UEs (especially compatibility with Rel-15 UEs) can be further considered as part of the study. 

Case #1 is supported for both access and backhaul link transmission timing, while Cases #2-#5 are not supported. Support for Case #6 is FFS, and Case #7 is to be supported if and only if it is demonstrated to be compatible with Rel-15 UEs.
 
Appendix: List of RAN1#94 and RAN1#94bis 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:
Capture the following definitions in the TR:
· Access link: a link between an access UE and an IAB node or IAB donor (LA,DL or LA,UL)
· Backhaul link: a link between an IAB node and an IAB child node (LC,DL or LC,UL)or IAB parent node (LP,DL or LP,UL)
· Note: the IAB node may have its functions for UL access and child BH respectively in the same location or different locations, which is not the scope of RAN1 discussion
· Note: For a given BH link for an IAB node, it may be a parent BH or a child BH, depending on the topology/architecture, which is not the scope of RAN1 disucssion
[image: ]
Agreements:
An IAB node can support the following cases using existing MU-MIMO or sectorization mechanisms:
· Case A: multiplexing of DL transmissions to access UEs and child IAB nodes 
· Case B: multiplexing of UL transmissions from access UEs and child IAB nodes
Agreements:
Clarify the SDM/FDM scenario definition: 
· SDM/FDM Tx: An IAB node simultaneous transmits in the DL (to an access UE and/or child IAB node) and transmits in the UL (to a parent IAB node)
· SDM/FDM Rx: An IAB node simultaneous receives in the DL (a transmission from a parent node) and receives in the UL (from an access UE and/or child IAB node)
For the support of SDM/FDM, further study the following aspects:
· Transmit power coordination between parent and child links 
· Considerations of single panel vs. multi-panel operation (single or multiple baseband)
· Requirements of symbol-level timing alignment within an IAB node (e.g. Case #6/Case #7)
Agreements:
· At least Case #1 is supported for both access and backhaul link transmission timing. 
· Further study includes additionally the following two cases (in addition to other cases #2/3/4/5)
· Case #6 (Case#1 DL transmission timing + Case #2 UL transmission timing):
· the DL transmission timing for all IAB nodes is aligned with the parent IAB node or donor DL timing (e.g. TA/2 adjustment as in Case #1)
· the UL transmission timing of an IAB node can be aligned with the IAB node’s DL transmission timing
· Case #7 (Case#1 DL transmission timing + Case #3 UL reception timing):
· the DL transmission timing for all IAB nodes is aligned with the parent IAB node or donor DL timing (e.g. TA/2 adjustment as in Case #1)
· the UL reception timing of an IAB node can be aligned with the IAB node’s DL reception timing 
· FFS: TA required for IAB nodes to support these cases
· For Case #6 and Case #7 further consider the potential impact of imperfect timing adjustment, overhead of required DL/UL switching gaps, and scheduling impact on access UEs and child IAB nodes
· Study to include aspects (including feasibility) when the IAB node is connected to one or multiple parent nodes

Agreements:
· For the support of TDM, at least the following cases are supported:
	
	TDM Between:
	

	Case
	Link 1
	Link 2
	Supported by a pattern?

	1
	LP,DL
	LC,DL
	Yes

	2
	LP,UL
	LC,UL 
	Yes

	3
	LP,DL
	LC,UL
	Yes

	4
	LP,UL
	LC,DL 
	Yes

	5
	LP,DL
	LA,DL 
	Yes

	6
	LP,UL
	LA,UL 
	Yes

	7
	LP,DL
	LA,UL
	Yes

	8
	LP,UL
	LA,DL 
	Yes

	9
	LP,DL
	LA,DL and LC,DL
	Yes

	10
	LP,UL
	LA,UL and LC,UL
	Yes

	11
	LP,DL
	LA,UL and LC,UL
	Yes

	12
	LP,UL
	LA,DL and LA,DL
	Yes

	13
	LC,DL
	LA,DL 
	* At least Rel. 15 mechanisms can be used, FFS enhancements

	14
	LC,UL
	LA,UL 
	* At least Rel. 15 mechanisms can be used, FFS enhancements

	15
	LC,DL
	LA,UL
	* At least Rel. 15 mechanisms can be used, FFS enhancements

	16
	LC,UL
	LA,DL 
	* At least Rel. 15 mechanisms can be used, FFS enhancements



Note: A given pattern may include support for multiple cases, details FFS.
At least for Cases 1-12, an IAB node is configured with IAB-node specific resources in time available for the links:
· Further study details of the adaptation period and granularity (e.g. slot or symbol-level) of the pattern provided to the IAB node, including
· Explicit or implicit indication of the resources
· Enhancements to existing signaling mechanisms to indicate the pattern
· Further study the indication of resources within the configuration which can be dynamically and flexibly used for different links, including
· The need to consider the scheduling delay, IAB node processing delays, or information required to be available for the use of flexible resources
· Mechanisms to schedule flexible resources (e.g. GC-PDCCH)






Agreements from RAN1#94bis:
Agreements:
· 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
· 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

Agreements:
· For Timing and Synchronization
· For case #1 & case #7, if DL TX and UL RX are not well aligned at the parent node, additional information about the alignment is needed for the child node to properly set its DL TX timing for OTA based timing & synchronization
· Case #7 to be supported if and only if compatible with release 15 Ues
· Further check w.r.t. compatibility
· Support of case #6 is FFS
· No other cases are supported

Agreements:
From an MT point-of-view, the following time-domain resources can be indicated for the parent link:
· Downlink time resource,
· uplink time resource, 
· flexible time resource 
as in release 15.
From a DU point-of-view, the child link has the following types of time resources
· Downlink time resource,
· uplink time resource, 
· flexible time resource 
· not available time resources (not to be used for communication on the DU child links) 
Exact configuration for DU is FFS

Agreements:
· For each of the downlink, uplink and flexible time-resource types of the DU child link there are two flavors, hard and soft:
· Hard: The corresponding time resource is always available for the DU child link 
· Soft: The availability of the corresponding time resource for the DU child link is explicitly and/or implicitly controlled by the parent node. 
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