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Introduction
Following the WID [1] the Objectives of the Core part WI are defined:
[bookmark: _Hlk26854989][bookmark: _Hlk26854481]Duplexing enhancements [RAN1-led, RAN2, RAN3, RAN4]:
· Specification of enhancements to the resource multiplexing between child and parent links of an IAB node, including:
· [bookmark: _Hlk26193173]Support of simultaneous operation (transmission and/or reception) of IAB-node’s child and parent links (i.e., MT Tx/DU Tx, MT Tx/DU Rx, MT Rx/DU Tx, MT Rx/DU Rx).
· Support for dual-connectivity scenarios defined by RAN2/RAN3 in the context of topology redundancy for improved robustness and load balancing.
· Specification of IAB-node timing mode(s), extensions for DL/UL power control, and CLI and interference measurements of BH links, as needed, to support simultaneous operation (transmission and/or reception) by IAB-node’s child and parent links.

RF and RRM requirements [RAN4-led]:
· Definition of IAB node RF requirements if needed for any Rel-17 extensions.
· Definition of RRM core requirements if needed for any Rel-17 extensions.

In this contribution, we make an overview of the IAB Rel.16 RRM specification changes, discuss the overall status of the WI in the other 3GPP RAN working groups, and make an initial evaluation if any additional impact on the RRM core requirement in NR-IAB Rel.17 is expected.


Discussion
Rel. 16 IAB RRM core requirements
NR-IAB Release 16 RRM core requirements are described in the Clause 12 of 3GPP TS 38.174.
Additionally, in the clause 4.7 the applicability of RRM requirement is specified as follows:
· The RRM requirements on the signalling characteristics for IAB MTs (specified in section 12.3) shall apply only for the local area IAB class.
· All the RRM requirements for IAB MT specified in section 12 shall apply when no DRX is used.
The IAB RRM requirements can be divided in two main groups:
· The requirements that are re-used directly from TS 38.133
· The requirements that were revised in TS 38.174

The summary of IAB Rel. 16 Core RRM requirements is presented in the Table 1 below.

[bookmark: _Ref71310616]Table 1: Summary of RRM requirements from 38.174, IAB Rel. 16.
	RRM Req. Category
	RRM Req.
	Is revised in 38.174
	Comment

	CONNECTED state mobility for IAB-MTs - RRC Connection Mobility Control
	SA: RRC Re-establishment
	Yes
	IAB-MT shall be capable of sending RRCReestablishmentRequest message within Tre-establish_delay seconds from the moment it detects a loss in RRC connection.

	
	Random access
	No
	

	
	SA: RRC Connection Release with Redirection
	Yes
	The IAB-MT shall be capable of performing the RRC connection release with redirection to the target NR cell within Tconnection_release_redirect_NR.

	Timing
	IAB-MT transmit timing
	Yes
	The IAB-MT initial transmission timing error shall be less than or equal to Te.

	
	IAB-MT timing advance
	No
	

	
	Cell phase synchronization accuracy
	Yes
	The cell phase synchronization accuracy measured at IAB DU antenna connectors shall be better than 3 µs.

	Signalling Characteristics for IAB MTs - Radio Link Monitoring*
	SSB based
	Yes
	IAB-MT shall be able to evaluate whether the downlink radio link quality on the configured RLM-RS resource estimated over the last TEvaluate_out_SSB [ms] period becomes worse than the threshold Qout_SSB within TEvaluate_out_SSB [ms] evaluation period.

	
	CSI-RS-based
	Yes
	IAB-MT shall be able to evaluate whether the downlink radio link quality on the configured RLM-RS resource estimated over the last TEvaluate_out_CSI-RS [ms] period becomes worse than the threshold Qout_CSI-RS within TEvaluate_out_CSI-RS [ms] evaluation period.

	
	IAB-MT turning off the transmitter
	No
	

	
	L1 indication
	Yes
	The out-of-sync and in-sync evaluations for the configured RLM-RS resources shall be performed. Two successive indications from layer 1 shall be separated by at least TIndication_interval.

	
	Scheduling availability of IAB-MT during radio link monitoring
	No
	

	Signalling Characteristics for IAB MTs - Link Recovery Procedure*
	SSB based beam failure detection 
	Yes
	
IAB-MT shall be able to evaluate whether the downlink radio link quality on the configured SSB resource in set  estimated over the last TEvaluate_BFD_SSB ms period becomes worse than the threshold Qout_LR_SSB within TEvaluate_BFD_SSB ms period.

	
	CSI-RS based beam failure detection
	Yes
	
IAB-MT shall be able to evaluate whether the downlink radio link quality on the CSI-RS resource in set  estimated over the last TEvaluate_BFD_CSI-RS ms period becomes worse than the threshold Qout_LR_CSI-RS within TEvaluate_BFD_CSI-RS ms period.

	
	L1 indication
	Yes
	
The beam failure instance evaluation for the RS resources in set  shall be performed. Two successive indications from layer 1 shall be separated by at least TIndication_interval_BFD.

	
	SSB based candidate beam detection
	Yes
	Upon request the IAB-MT shall be able to evaluate whether the L1-RSRP measured on the configured SSB resource in set [image: ] estimated over the last TEvaluate_CBD_SSB ms period becomes better than the threshold Qin_LR provided SSB_RP and SSB Ês/Iot are according to specified values. 

	
	CSI-RS based candidate beam detection
	Yes
	Upon request the IAB-MT shall be able to evaluate whether the L1-RSRP measured on the configured SSB resource in set [image: ] estimated over the last TEvaluate_CBD_SSB ms period becomes better than the threshold Qin_LR provided SSB_RP and SSB Ês/Iot are according to specified values.

	
	Scheduling availability of IAB-MT during beam failure detection
	No
	

	
	Scheduling availability of IAB-MT during candidate beam detection
	No
	


* shall apply only for the local area IAB class.

The assumption of stationary IAB deployment from Rel. 16 is valid also in Rel.17. Thus, IAB migration-related requirements should be already covered in IAB Rel. 16 specification.

No further requirement enhancements for IAB “mobility” (i.e. CONNECTED state mobility, Signalling Characteristics for IAB MTs RLP and Link Recovery procedure) are needed in IAB Rel. 17.


[bookmark: _Hlk70692843]IAB Rel. 17 status in other WGs
Below, we make a brief overview of the issues discussed in the RAN WGs other than RAN4.
RAN1
Large part of the RAN1 efforts are spent on defining and specifying the support of SDM/FDM multiplexing and related functions. Anticipated enhancements that are currently under work in RAN1:
1. Indication/reporting of information between an IAB node and its parent node about multiplexing capability
· Temporal applicability 
· Time/frequency resource restrictions
· Indications of conditions/reporting information required to realize the given multiplexing capability, (e.g. timing mode, power control, guard symbols, etc.)
2. Handling of cell specific signals during simultaneous operation of IAB-MT and IAB-DU
3. SDM:
Whether/how to manage resources in the spatial domain; e.g., dynamic signalling between parent and child nodes for using/restricting/sharing antenna panels/beams, beam management / multi-panel enhancements for simultaneous operations, extension of H/S/NA resource indication to the spatial domain.
4. FDM:
Extension of the semi-static DU resource type indication to frequency-domain resources within a carrier; granularity, enhancements for dynamic indications of the availability of soft symbols, extension FDM across carriers, BW of FDM operation.

It is not expected that application of new multiplexing methods will require introduction of new IAB RRM requirements.

5. Usage and switching between timing modes:
Case#1 (Rel.16, TDM), Case#6 (TX alignment), Case#7 (RX alignment). Possible enhancements for OTA synchronization.
· IAB-MT TX timing in Case#1 and Case#7 is based on timing advance (TA) control loop. Hence, no further requirements are expected for these timing options.
· IAB-MT TX in Case#6 is aligned with IAB-DU TX timing and normal TA control is not applied. Case#6 timing is based on estimation of the propagation delay on the parent link when synchronizing the IAB-DU TX timing with the parent node. The same estimate is used for IAB-MT TX timing. Details of Case#6 timing are FFS in RAN1

No further requirements are expected for Case#1 and Case#7 timing but Case#6 (aligned IAB-MT and IAB-DU TX timing) timing is FFS in RAN1 and RAN4 study is expected for any further requirements.

6. Dual connectivity scenarios
· At least inter-band inter-carrier scenarios; managing potential resource coordination/collision issues TDD configurations by slot format indications (SFI) with DCI 2_0, resource type indications with DCI 2_0
· Intra-band inter-carrier DC is FFS in RAN1. There is no agreement on including intra-carrier DC support in Rel.17.
· Open areas relate to e.g. indication of soft resource availability from child node to parent node(s), restrictions on simultaneous operation and/or multiplexing, and particularly how to support intra-band inter-carrier scenarios i.e. whether additional enhancements are required
· In general, Rel.17 enhancements are mainly related to resource management in DC and no RRM impacts are expected.

Considering current scope of RAN1 work on Rel.17 enhancements, no impact on RRM requirements in Rel. 17 is expected.

7. Power control
· UL PC: To what degree legacy UL PC is applicable for IAB and possible signaling enhancements to assist IAB specific UL PC
· DL PC: Support an IAB-node indicating information to assist with the DL power control of its parent-node towards the IAB-node without mandating an expected behavior at the parent node.
i. Open issues relate to type of assistance information (e.g., desired received power, power adjustment, preferred CSI-RS resource), whether the information is provided to parent, CU or both, applicability of the assistance information (e.g. relation to beams or multiplexing modes), used channel

No impact on RRM core requirements is expected from RAN1 enhancements in IAB power control operations.

As a summary, many of the IAB Rel. 17 issues are still open in RAN1 and the evaluation of their potential impact on RRM core requirements needs to be re-considered later.


RAN2 and RAN3
The work in RAN2 and RAN3 is largely overlapping and consider following areas for Rel.17 enhancements:

1. Topology wide fairness, multi-hop latency and congestion mitigation
· The target is optimization of IAB network operation by introducing additional signalling to provide desired new information for IAB-node or IAB-donor in order to achieve improved behaviour
2. Conditional HO (CHO) for IAB
· CHO can be used for IAB topology adaptation already since Rel.16. It is FFS if any Rel.17 enhancements are specified.
3. DAPS (Dual Active Protocol Stacks)-like solution for IAB
· The solution is open and RAN2 and RAN3 have not concluded if such enhancement is needed. NR-DC which is supported already in Rel.17 is the baseline.
4. Inter-donor topology adaptation and topological redundancy enhancements
· As in Rel.16 RRC Reestablishment procedure of the migrating IAB-MT is a baseline for inter-donor RLF recovery of a single-connected IAB-node
· In Rel. 17, New Type-2/3 RLF indications between IAB-nodes will be specified. The behaviour at the receiving node is FFS. 
· Enhancements for local rerouting with extended triggers is FFS.
· NR-DC is a baseline for topological redundancy.
5. Reduction of Service Interruption due to IAB-node migration and BH RLF recovery
· Definitions for higher layer procedures for optimized signalling and minimized latencies when (re‑)establishing the connection either during HO or RLF. Topologies with multiple ancestor and descendant nodes are considered.
RAN2 and RAN3 Rel.17 enhancements are not expecting new features or capabilities on the lower layers. Therefore, the expectation is that no further IAB RRM requirements are needed.

RRM requirements already specified in Rel. 16 related to the usage of mobility procedures (used for IAB migration) or multi-connectivity under discussion in RAN2 and RAN3 are not expected to be affected with the current understanding of Rel.17 enhancements.


Summary of possible Rel. 17 RRM enhancements
Bellow, we propose a Table 2 that can be used to summarise the possible impact of NR-IRAB Rel.17 features on RRM core requirements taking into account already existing NR-IAB Rel.16 RRM core requirements from TS 38.174.

[bookmark: _Ref71312942]Table 2: Expected impact/applicability of NR IAB Rel.17 RRM core requirements.
	RRM Req. Category
	Sub-Category
	Specified in Rel. 16 IAB
	Expected impacted in Rel. 17 IAB

	Idle/inactive state mobility
	Cell selection/re-selection, measurement
	No
	No

	Connected state mobility
	Handover
	No
	No

	
	Connection Mobility Control - 
RRC re-establishment
	Yes
	No

	
	Connection Mobility Control - 
Random Access
	No
	No

	
	Connection Mobility Control - RRC Release with Redirection
	Yes
	No

	Timing
	Autonomous timing adjustment
	No
	No

	
	TX timing, timer, TA, Cell Phase Sync accuracy, MRTD/MTTD, derive SSB-IndexFromCell tolerance
	Yes
	FFS

	Signalling
	RLM
	Yes
	No

	
	Interruption
	No
	No

	
	SCell Activation and Deactivation Delay
	No
	No

	
	UE UL carrier RRC reconfiguration delay
	No
	No

	
	Link Recovery
	Yes
	No

	
	Active BWP switch delay
	No
	No

	
	Active TCI state switching delay
	No
	No

	
	PSCell Change
	No
	No

	
	Uplink spatial relation switch delay
	No
	No

	
	UE-specific CBW change
	No
	No

	
	Pathloss reference signal switching delay
	No
	No

	Measurement Procedure
	General measurement requirement
	No
	No

	
	NR intra-frequency measurements
	No
	No

	
	NR inter-frequency measurements
	No
	No

	
	Inter-RAT measurement
	No
	No

	
	L1-RSRP/L1-SINR Measurement
	No
	No

	
	CSI-RS based L3 measurements
	No
	No

	
	NR measurements with autonomous gaps
	No
	No



RAN4 to consider using the Table presented above to keep track of potential RRM core requirements impacts introduced by NR-IAB Rel.17.


Conclusion
In this contribution, we made the first attempt to analyse the possible Rel. 17 requirements modifications on top of IAB Rel. 16 IAB RRM requirements. We summarised existing IAB Rel. 16 RRM requirements and briefly overviewed IAB Rel. 17 issues discussed in the other working 3GPP RAN WGs.
We have made the following observations and proposals:
1. The assumption of stationary IAB deployment from Rel. 16 is valid also in Rel.17. Thus, IAB migration-related requirements should be already covered in IAB Rel. 16 specification.
1. No further requirement enhancements for IAB “mobility” (i.e. CONNECTED state mobility, Signalling Characteristics for IAB MTs RLP and Link Recovery procedure) are needed in IAB Rel. 17.

It is not expected that application of new multiplexing methods will require introduction of new IAB RRM requirements.

No further requirements are expected for Case#1 and Case#7 timing but Case#6 (aligned IAB-MT and IAB-DU TX timing) timing is FFS in RAN1 and RAN4 study is expected for any further requirements.

Considering current scope of RAN1 work on Rel.17 enhancements, no impact on RRM requirements in Rel. 17 is expected.

No impact on RRM core requirements is expected from RAN1 enhancements in IAB power control operations.

As a summary, many of the IAB Rel. 17 issues are still open in RAN1 and the evaluation of their potential impact on RRM core requirements needs to be re-considered later.

RRM requirements already specified in Rel. 16 related to the usage of mobility procedures (used for IAB migration) or multi-connectivity under discussion in RAN2 and RAN3 are not expected to be affected with the current understanding of Rel.17 enhancements.

	RRM Req. Category
	Sub-Category
	Specified in Rel. 16 IAB
	Expected impacted in Rel. 17 IAB
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	No
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	Connection Mobility Control - 
RRC re-establishment
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	Connection Mobility Control - 
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	No
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	Connection Mobility Control - RRC Release with Redirection
	Yes
	No

	Timing
	Autonomous timing adjustment
	No
	No

	
	TX timing, timer, TA, Cell Phase Sync accuracy, MRTD/MTTD, derive SSB-IndexFromCell tolerance
	Yes
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	No
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	No
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	No
	No

	
	Uplink spatial relation switch delay
	No
	No
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	No
	No
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	No
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	Measurement Procedure
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	No
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	No
	No

	
	NR inter-frequency measurements
	No
	No

	
	Inter-RAT measurement
	No
	No
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	No
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RAN4 to consider using the Table presented above to keep track of potential RRM core requirements impacts introduced by NR-IAB Rel.17.
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