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Introduction
This contribution discusses the remaining open issues for mandatory/optional support of Rel-15 and Rel-16 features by IAB-MTs and the handling of capability signaling for IAB-nodes.

IAB-node Capabilities
During RAN#87e the following agreements were reached:

1. RAN WGs to investigate which of the mandatory Rel-15 UE features (as defined in TR 38.822) can be
optional for basic operation (and if found useful, for different classes of IAB-MTs as defined by RAN4).
2. RAN WGs should strive to minimize specification impact.

In addition, during the May/June WG e-meetings, RAN1/RAN2/RAN3/RAN4 all discussed and reached various agreements on the mandatory/optional support of features for IAB-MTs and IAB-DUs of an IAB-node as well as the applicability of capability signaling for IAB nodes. This contribution discusses the remaining open issues and proposes a holistic treatment of IAB-node features and applicability of capability signaling across all working groups to ensure consistent support of critical Rel-16 WI objectives. 

For example, one criteria for mandatory/optional support of a feature by an IAB-MT is whether the feature can be considered as part of a minimum set of features, which at least include features required for establishing a connection between the IAB-MT and the network and beginning the basic backhaul link setup and operation. This would therefore correspond to features including Initial Access, performing RRC Connection establishment, enabling OAM connectivity, and basic BAP layer functionality. 

However, another critical functionality for IAB nodes is to support topology adaptation (i.e. RRM measurements, reports, and handovers) to ensure optimal routes for the backhaul links can be configured by the Donor CU. This should not be left to OAM or implementation as one of the key differentiators of IAB from other self-backhauling technologies is the ability to scale dense deployments of IAB nodes and manage the backhaul link operation and routing within the RAN. As a result, relevant features for topology adaptation should be mandatory to support for all IAB-MTs starting from Rel. 16, even if in some cases the related RRM requirements are not fully specified in Rel. 16. 

Proposal 1: Support for basic topology adaptation functionality (i.e. RRM measurements, reports, and handovers) is mandatory for both wide-area and local-area IAB-MTs.



Layer-1 IAB-MT Features
During RAN1#101-e the following agreements were reached:
Agreement:
· Wide-area IAB-MTs support the following Rel. 15 layer-1 mandatory UE features (as defined in TR 38.822)
· Without capability (signaling)
· 0-1, 0-3, 0-4, 1-1 (only 1 preamble for component 1, component 2, component 3 except paging), 2-1, 2-5, 2-6, 2-12, 2-16, 2-16a, 2-32 (only components 1-4 and 7), 2-50 (only components 1,2), 2-52 (only components 1, 2), 3-1 (only components 1,2,3,4,5), 4-1, 5-1 (only components 1/2/3/4/5/6/7/9/10/12), 6-1, 7-1, 8-3
· With capability signaling which shall be set to '1'
· 1-3, 2-22, 4-10
· The rest of Rel-15 layer-1 UE features other than the ones as listed above are optional for wide-area IAB-MTs.
· Note: Mandatory MT capabilities are independent from DU capabilities and do not imply a corresponding mandatory DU capability.
· The UE feature list for local-area IAB-MTs is FFS

Based on the RAN1 agreement, the only remaining issue for Rel-15 UE Features is their applicability for local-area IAB-MTs. However given the discussion in the previous section and that given local-area IAB nodes may be installed in a broader range of deployments than wide-area IAB nodes, it is logical to assume that the same support for Rel-15 layer-1 mandatory UE features (as defined in TR 38.822) applies to both classes of IAB nodes. In other words, the main difference between WA-IAB nodes and LA-IAB nodes is in how many are deployed (albeit, WA-IAB nodes may also transmit at a higher power, among other aspects).

Proposal 2: Local-area IAB-MTs support the same Rel-15 layer-1 mandatory UE features (as defined in TR 38.822) as wide-area IAB-MTs.

Finally, for Rel-16 layer-1 IAB-MT features, the following FGs have an FFS point when it comes to whether they are optional or mandatory (i.e. capability bit set to ‘1’):


	Index
	Feature group
	Components

	20-2
	Inter-IAB-node discovery and measurements: SSB reception configuration 
	Support up to 4 SMTCs configured for an IAB node MT per frequency location, including IAB-specific SMTC window periodicities
	Optional with capability signalling. [Devices supporting IAB backhaul must report this FG as supported]

	20-3
	Extension of RACH occasions and periodicities for backhaul RACH resources
	Support RACH configuration for IAB-MT separately from the RACH configuration for UE access, including new IAB-specific offset and scaling factors
	Optional with capability signalling. [Devices supporting IAB backhaul must report this FG as supported]




For 20-2, given that SSB-based RRM measurements are mandatory for IAB-MTs, it is straightforward for the network to support the configuration of the multiple STCs/SMTCs in order to support multi-hop deployments which is a fundamental objective of the IAB WI. Given that Rel-16 IAB is based on TDM operation for access and backhaul multiplexing, it is reasonable and consistent that this also applies to Initial access and topology adaptation as well. While it has been proposed that the use of CSI-RS based RRM is an alternative solution to the multiple SMTC configurations, given the corresponding Rel-15 features are optional for IAB-MTs, this is not an acceptable solution to guarantee multi-hop topology adaptation is supported in Rel-16.
 
For 20-3, we believe it is even more critical for wide-area IAB-MTs to support the separate IAB-specific RACH resource configurations compared to local-area IAB-MTs. The backhaul link coverage requirements for planned deployments is expected to be different from the access link due to the different propagation environments and RF/PHY capabilities of IAB nodes compared to UEs. As a result, sharing the same RACH resources across UEs and IAB-MTs may impact both UE and network performance. In addition, since wide-are IAB-MTs are basically fixed nodes in Rel-16, the new prach-ConfigurationPeriodScaling factors are very beneficial to reduce the overhead of supporting RACH on the backhaul link and we don’t see how they introduce a significant burden on IAB node implementation given they are a simple scaling of the existing values.

Proposal 3: For FGs 20-2 and 20-3 in the Rel-16 NR UE Feature list, the following is agreed:

Optional with capability signalling. Devices supporting IAB backhaul must report this FG as supported.

Layer-2 and Layer-3 IAB-MT features
During RAN2#110-e the following agreements were reached regarding IAB-MT mandatory capabilities:
Minimum set of IAB-MT capabilities should contain:
1. Features which are indispensable for IAB-MT to perform initial access and establish an RRC connection and OAM connection with the network.
2. Basic BAP procedures, i.e. routing, bearer mapping
3. IP signalling over RRC

In addition, while support for topology adaptation was discussed, no agreement was reached and the following Chair’s summary was captured in the meeting notes:

Chair Summary On topology adaptation, Operators and (some) Network Vendors have opposite opinions. Attempt to agree Mandatory, Mandatory only for Local area IAB MT, Mandatory with possibility for early deployment non-support were all blocked by objections.

As a result, since there was no consensus on the mandatory/optional support for topology adaptation the handling of the following Rel-15 features is left TBD:

4-1	Intra-NR measurements and reports
7-1	Handover:
1) Intra-frequency HO
2) Inter-frequency HO

However, as was extensively discussed in RAN2 and other WGs, lack of support for topology adaptation is severely limiting for deployment of IAB-nodes regardless of whether they are wide-area or local-area nodes. Furthermore, given that RAN1 has agreed SSB-based RRM measurements are mandatory for at least wide-area IAB-MTs, consistent agreements should be applied across WGs and the following features should be mandatory for IAB-MTs with capability signaling (to enable the potential for IAB nodes without this functionality in limited small-scale or isolated early deployments).

Proposal 4: The following Rel-15 Layer-2 and Layer-3 UE Features are mandatory with capability signaling for IAB-MTs:
4-1	Intra-NR measurements and reports
7-1	Handover:
1) Intra-frequency HO
2) Inter-frequency HO
IAB-DU Features
One of the unique aspects of IAB nodes is that they include both IAB-DU functions and IAB-MT functions. While typically capability signaling for features is not defined for network nodes, since IAB nodes may be deployed in a multi-vendor environment, it is important to ensure interoperability just as for access UEs. As a result, during RAN1#100bis-e, RAN1 sent an LS of Layer 1 features impacting IAB-DUs to RAN3:

During RAN WG1 #100bis-e it was agreed the following RAN WG1 features apply to the IAB-DU. RAN WG1 would like to inform RAN WG3 of such features.
· Inter-IAB-node discovery and measurements: SSB transmission configuration: support up to 4 STCs configured for an IAB-DU per cell per frequency location, including IAB-specific SSB transmission periodicities.
· Extension of RACH occasions and periodicities for backhaul RACH resources: support RACH configuration separately from the RACH configuration for UE access, including new IAB-specific offset and scaling factors.
· IAB-node non-TDM multiplexing capability: TDM not required between IAB-MT and IAB-DU functions.
· UL-Flexible-DL slot formats: support semi-static and dynamic configuration/indication of UL-Flexible-DL slot formats for IAB-DU resources.
· Dynamic indication of soft resource availability: support DCI Format 2_5 based indication of soft resource availability to an IAB-node.
· IAB-DU resource configuration: per-cell D/U/F resource type configuration + H/S/NA attributes per-resource type.
· Insertion of guard symbols by the IAB-DU.

For IAB-MTs, the following agreement was made in RAN2#110-e:
R2 to specify that IAB-MTs can make use of the UE capability signaling framework (including specification of minimum set). Whether it is actually used for e.g. Wide Area IAB-MTs may be up to implementation.

Which means that the capability signaling within the RAN can be used for managing IAB-MT capabilities. However during RAN3#108-e the following agreements were made:

IAB-DU capabilities are not exchanged between IAB-DU/IAB-donor-DU and IAB-donor-CU via F1 interface. 
In Rel-16, how the donor-CU and/or parent node are aware of the appropriate capabilities of a given child IAB-DU is left up to network implementation (e.g. via OAM)

As a consequence of these contrasting agreements, the overall handling of IAB-node features has to be managed by multiple mechanisms inside and outside of the RAN which places extra burden on operators deploying and managing IAB networks, especially in case of large-scale and multi-vendor scenarios. Due to the WI timeline, although this issue may not be properly addressed in Rel-16, it should not be the default baseline for IAB going forward. Instead the assumption that capability signaling is not supported for RAN nodes should be revisited in Rel-17.

Proposal 5: Support for exchange of IAB-DU capabilities between IAB-DU/IAB-donor-DU and IAB-donor CU via F1 interface should be included in the Rel-17 IAB WID objectives.


RF/RRM IAB-MT Features
During RAN4#95-e the following was included in a WF on the IAB-MT feature list:

· The following features need more study, companies can provide technical analysis in next meeting.
· 2-8, 2-11, 2-12, 3-1, 3-2 and 3-3.

Specifically for features 3-1, 3-2, and 3-3:

3-1	Independent measurement gap configurations for FR1 and FR2	
3-2	Simultaneous reception of data and SS block with different numerologies when UE conducts the serving cell measurement or intra-frequency measurement	
3-3	Short measurement gap	

Given that these features are related to RRM measurements they may be useful for topology adaptation and should be supported to align with the discussion in previous sections on support of Layer-1/2/3 SSB-based RRM features. However given that they are already optional with capability signaling for UEs, there should be no issue in at least keeping them optional for IAB-MTs as well and should not be precluded from being implemented. As a result, given the decisions already made in RAN1 and RAN2, there is no need for further discussion in RAN4 on whether these features should be classified as “not applicable” for IAB-MTs.

Proposal 6: Existing RF/RRM Rel-15 UE Features related to topology adaptation (i.e. FG 3-1/3-2/3-3) should remain optional for IAB-MTs in Rel-16.

Conclusion
The following proposals were made:

Proposal 1: Support for basic topology adaptation functionality (i.e. RRM measurements, reports, and handovers) is mandatory for both wide-area and local-area IAB-MTs.

Proposal 2: Local-area IAB-MTs support the same Rel-15 layer-1 mandatory UE features (as defined in TR 38.822) as wide-area IAB-MTs.

Proposal 3: For FGs 20-2 and 20-3 in the Rel-16 NR UE Feature list, the following is agreed:

Optional with capability signalling. Devices supporting IAB backhaul must report this FG as supported.

Proposal 4: The following Rel-15 Layer-2 and Layer-3 UE Features are mandatory with capability signaling for IAB-MTs:
4-1	Intra-NR measurements and reports
7-1	Handover:
1) Intra-frequency HO
2) Inter-frequency HO

Proposal 5: Support for exchange of IAB-DU capabilities between IAB-DU/IAB-donor-DU and IAB-donor CU via F1 interface should be included in the Rel-17 IAB WID objectives.

Proposal 6: RF/RRM Rel-15 UE Features related to topology adaptation (i.e. FG 3-1/3-2/3-3) should remain optional for IAB-MTs in Rel-16.
