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Introduction
During RAN4 #93, there was agreement to create two MT classes targeting different deployment scenarios [1]:
	Agreements:
IAB-DU follows the BS class, only definition of MT class is considered
MT definition to be split into 2 classes targeting the 2 Layout scenarios considered


From before, the wide area class has been defined. In RAN4 #94bis, also the second class was agreed [2].
	Introduce second IAB-MT class as “Local-Area” IAB-MT 
-	The requirements can be discussed case by case; with above naming “Local-Area” for 2nd IAB-MT class, there is no indication the requirements will be automatically reused from local-area BS requirements


Although its properties are still not entirely known, there was a certain understanding in RAN4 #94bis discussions that the use case for Local-Area IAB-MT is for het-net type deployment in urban areas with possibly unplanned cells [2].
At the RAN plenary #86, there was a discussion on RRM requirements, and it was agreed that in macro-type deployment scenarios, where the IAB node deployment is considered being planned, there is no need for RRM requirements. There was an understanding at RAN #86 that there would be two classes also for RRM; one BS-like and targeting macro-type BS scenarios and the other UE-like and targeting small cells. The document on Proposed Way Forward on RRM Requirements, [3], states about that:
	· RAN4 will introduce RLM and BFD/BFR requirements for the MT targeting certain scenarios classes depending on RAN4 definition
· Requirements will be defined for scenarios not targeting macro type of deployments. No requirements will be defined for scenarios targeting macro type of deployments:
· If multiple MT classes (e.g. macro type, pico type deployments) are defined, the requirements should be defined only for the MT classes not targeting macro type of deployment.
· If a single MT class is defined, the requirements should be defined for the DU class not targeting DU macro type of deployment.


In RAN#87, there was a discussion about the Release 15 UE features/capabilities which should also be mandatory for the IAB  MT [4]. The outcome of the RAN plenary was the following: 
	2. RAN WGs to investigate which of the mandatory Rel-15 UE features (as defined in TR 38.822) can be optional for basic operation of (and if found useful, for different classes of IAB-MTs as defined by RAN4).
3. RAN WGs should strive to minimize specification impact.


On the other hand, it was not possible to agree a consensus on the following:
	1. IAB-MTs do not need to support all mandatory Rel-15 UE features (as defined in TR 38.822).


This implies that it cannot be assumed that IAB-MTs will or will not support all the mandatory Rel-15 UE features.
In RAN1 #100bis, a working assumption was made regarding which Rel-15 UE features that are mandatory for Rel-16 IAB nodes [5].
	Working Assumption: 
· IAB-MTs support the following Rel. 15 layer-1 mandatory UE features (as defined in TR38.822) at least for wide-area IAB-nodes
· Without capability 
· 0-1, 0-3, 0-4, 1-1 [FFS components], 2-1, [2-5], [2-6], 2-12, [2-16], [2-16a], 2-32 [FFS components], 2-50 [FFS components], 2-52 [FFS components], 3-1 [FFS components], [3-4], [4-1], [4-10], 5-1 [FFS components], 6-1, 7-1, [8-3]
· With capability signaling which shall be set to '1'
· [1-3]  
· FFS whether additional Rel. 15 layer-1 mandatory UE features (as defined in TR38.822) including list below are optional at least for IAB-MTs of wide-area IAB-nodes, remain mandatory, or have a default value
· Without capability 
· [0-2], [4-3], [4-4], [5-6]
· With capability signaling
· [1-10], [2-2], [2-21], [2-22], [2-25]
Note: This doesn’t mean that the UE features under FFS will not be supported by wide-area IAB-MT at all if RAN1 does not reach a consensus on them


In parallel, RAN2 made agreements regarding its UE features [6].
	Agreement
· All optional features remain optional for IAB-MTs.
· Clarification: EN-DC mode support is not mandatory for IAB-MT.
· The following features are optional for IAB-MT:
	1. PDCP; 1-5: Short SN
	3. MAC; 3-3: DRX
	4. Measurements; 4-5: ANR
	6. Inactive; 6-1: RRC Inactive
· The following features are mandatory for IAB-MT:
	1. PDPC; 1-0 Basic PDCP procedures, at least for SRB, FFS for DRB related components
	2. RLC; 2-0 Basic RLC procedures, 2-4 NR RLC SN size for SRB
	3. MAC; 3-0 Basic MAC procedures
· It is FFS if in general mandatory features with capability signaling are optional for IAB-MT.
· It is FFS if UE capability signalling will be used at all for Wide Area MTs.
· We consider a min set of features for wide area MT, and whether there may be a need for more mandatory features local area MT.


This document discusses the RAN1 capabilities which are needed for the basic operation of operator deployed IAB-MTs, i.e., those features without which the system cannot operate. 
Furthermore, in RAN1 #100bis it was also agreed that most Rel-16 UE features should be optional with capability signaling [5]. However, the matter whether IAB nodes need to report some of the features as supported was postponed to future meetings.
	Agreements:
	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
	 
	Yes
	N/A
	Separate configuration of SMTC windows for Inter-IAB node discovery and measurement is not possible
	per IAB node
	No
	No
	support mixture of FDD/TDD and/or FR1/FR2 
	IAB-MT impact
	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
	 
	Yes
	N/A
	Separate configuration of RACH transmissions for access UEs and IAB nodes is not possible
	per IAB node
	No
	No
	support mixture of FDD/TDD and/or FR1/FR2 
	IAB-MT impact
	Optional with capability signalling. [Devices supporting IAB backhaul must report this FG as supported]

	20-6
	Dynamic indication of soft resource availability
	Support monitoring DCI Format 2_5 scrambled by AI-RNTI for indication of soft resource availability to an IAB node 
	 
	Yes
	N/A
	Explicit indication of soft resource availability is not supported
	per IAB node
	No
	No
	support mixture of FDD/TDD and/or FR1/FR2 
	IAB-MT impact
	Optional with capability signalling. [Devices supporting IAB backhaul must report this FG as supported]

	20-7
	Case 1 OTA timing alignment
	Support T_delta reception. 
	 
	Yes
	N/A
	Case-1 OTA timing alignment is not supported
	per IAB node
	No
	No
	support mixture of FDD/TDD and/or FR1/FR2 
	IAB-MT impact
	Optional with capability signalling. [Devices supporting IAB backhaul must report this FG as supported]





This document also discusses the requirements of the above features.
Please see [7] for a discussion on a reply to the RAN4 LS regarding RAN4 UE features.
[bookmark: _Ref178064866]Rel-15 UE features
In the following section, we describe some differentiating properties of the two presumed IAB classes and the effects these differences have on what can be considered to be basic operation for the operator deployed IAB class. We also present a list of the features that are needed for that class to achieve basic operation and the implications on ASN.1 for features that are mandatory in Rel-15 UEs but not in wide area IAB nodes.
Differences between IAB classes
Different terminology has been used for describing the different types of IAB nodes – planned vs. unplanned, macro vs. pico or wide area vs. local area. Regardless of what naming 3GPP will eventually adopt, the characteristics of the first type is already well-known whereas more remains to be characterized of the second type. Below we will use the terminology operator deployed vs. freely deployed to clearly reflect the key differentiating factor between the two node types. Below we present some of the differentiating factors between the two node types.
Transmit power and network interference
One differentiating factor between an operator deployed IAB node and a freely deployed IAB node is the amount of transmission power that the two types will use, and, as a consequence, the amount of network planning required for the respective nodes. Due to the higher Tx power, in order to avoid interfering with other network nodes, the operator deployed node must be carefully planned and deployed. If the freely deployed IAB node is not deployed by the operator, the operator cannot assume responsibility of the node interfering with adjacent network nodes. That also limits the acceptable Tx power such a node may use.
[bookmark: _Toc40467917]Operator deployed IAB nodes will need careful network planning due to higher Tx power.
RF characteristics
An operator deployed node can be expected to be deployed with a minimum distance to any surrounding BSs. This allows more relaxed RF requirements since it does not need to fulfil extreme conditions like being situated in close proximity to the parent IAB or another NR BS. The freely deployed node will need to endure more severe radio condition and potentially changing channel conditions, also because it may be located closer to the parent IAB, it will also be subject to more severe interference from an aggressor node.
[bookmark: _Toc40467918]Operator deployed IAB nodes do not need to fulfil typical UE RF requirements.
Operator control
Generally, in an operator deployed network, if an IAB-MT has a mandatory feature, it can happen that according to specification the IAB node vendor has to implement the feature even an operator does not require or even use it in its own network. It could even lead to the odd situation that an IAB node vendor has to implement a feature on the IAB-MT side but does not support or use the feature on the IAB-DU side. It makes such feature implementation redundant, especially in a single-vendor network. However, any implementation of IAB-MT features has impact on product complexity, maintenance and market availability.
[bookmark: _Toc40467919]An IAB node vendor of operator deployed IAB nodes should only implement what the operator requires and what is supported in the network.
Similar to other network equipment, the requirements on the operator deployed IAB node would eventually be specified by the operator. Included in such a specification is ascertaining that existing network nodes will function together with new nodes and that IAB parent nodes function with IAB child nodes. Should both parent and child nodes originate from the same vendor, this would presumably not be a problem, whereas the specification and operator led interoperability tests will ascertain functionality if different vendors are used. As a part of this procedure, the operator will ascertain that a compatible set of IAB features are supported by both the parent and child node to achieve the desired functionality. Since this is controlled by the operator, it need not to be mandated by 3GPP.
[bookmark: _Toc40467920]Since features and functionality of operator deployed IAB nodes will be specified by operators, minimal specification should be made through standardization.
Mobility
Being part of a wider network deployment, the operator deployed IAB node can be expected to be stationary. Furthermore, the planning can be expected to result in a stable link to the IAB parent node, in particular if combined with superior link budget from higher Tx power and potentially superior antenna beamforming. Hence, many of the UE features related to mobility and measurements do not apply to this type of node. A similar assumption may not be made for the freely deployed IAB node at this point in time. Also, stationary IAB nodes have a controlled roaming situation and do not need to cope with unknown and varying network requirements. It can be concluded that an operator deployed IAB node will not roam into another operator’s network. Hence, there is no risk of unknown operator deployed IAB nodes, whether from one or many vendors, appearing in an operator’s network.
[bookmark: _Toc40467921]Operator deployed IAB nodes need not to fulfil typical requirements related to mobility and roaming.
Impact on UE features
From the above, it is possible to conclude that IAB-MTs in operator deployed IAB nodes are not UEs and for that reason cannot be required to support any UE capabilities. For operator deployed IAB nodes, the discussion should be limited to define a subset among UE features that are mandatory without capability signaling (or with cap signaling that is always “1”) to be considered as needed for IAB operation.
[bookmark: _Toc40467922]Operator deployed IAB-MTs are not UEs and for that reason are not required to support any of the UE capabilities that are defined in TS 38.306.
[bookmark: _Toc40467930]Operator deployed IAB nodes will have no mandatory UE feature groups for their IAB-MT.
Even without any specified mandatory features, an operator deployed IAB node will need some functionality on its MT side that is otherwise implemented in UEs in order to meet the basic operation, the definition of which is further discussed in Sec. 2.2. Based on the definition of basic operation, it is then straightforward to define the needed feature groups to fulfil it. As stated by the RAN #87 agreement above, those features should be selected among the mandatory Rel-15 UE features. The remaining features will be optional for this type of IAB nodes.
[bookmark: _Toc40467931]RAN1 to agree on a subset, among the UE features that are mandatory without capability signaling, or with capability signaling set to 1, that is needed for basic operation of operator deployed IAB nodes.
[bookmark: _Ref37265705]Basic and optional IAB operation
Based on the RAN #87 agreement regarding basic operation, a necessary step is to define the basic operation. Furthermore, as implied in the agreement, and further discussed above, the different IAB classes will likely have different feature sets for their respective basic operations. A first assumption is that the basic feature set, i.e., the feature set needed for basic operation, for the operator deployed IAB node is a subset of the basic feature set of the freely deployed IAB node. Considering that RAN4’s work so far has focused on the operator deployed IAB node and thereby not yet fully characterized the freely deployed IAB node, RAN1, at this point, should focus on the basic operation of the former.
For the operator controlled IAB node, the basic feature set only involves the features that are required for connection setup of the MT. From a RAN1 perspective, this essentially includes the steps required for RRC_CONNECT, as illustrated in Figure 1, reprinted from [8]. Included in this is the ability to perform initial access, including sending message 3 (PUSCH) and receiving message 4 (PDSCH/PDCCH), as by then the node has the principal ability to exchange information. In Sec. 2.3, we present the feature groups or feature components that are necessary for operation according to the above criteria. Notably, what is not included in basic feature set are features related to mobility, performance improvements in terms of, e.g., capacity, throughput or coverage, EN-DC, CA etc.
[bookmark: _Toc40467932]For planned IAB-MTs, the basic feature set is the feature set allowing connection setup, i.e., for the MT to perform all the steps required for RRC_CONNECT.


[bookmark: _Ref37259563]Figure 1: RRC connection establishment, successful. (Figure 5.3.3.1-1 in TS 38.331.)

According to RAN instructions, RAN WGs [are] to investigate which of the mandatory Rel-15 UE features (as defined in TR 38.822) can be optional for basic operation. However, there may of course be additional functionalities that are supported by an IAB node. Particular care must be taken for the Rel-15 UE feature that are mandatory without signaling for Rel-15 UE but are not mandatory for wide area IAB-MTs since no signaling presently exists for them. This may be solved by including these features in the manufacturer declaration to the operator. The capabilities are then made known to the network through configuration or OAM.
[bookmark: _Toc40467933]Features that are mandatory without signaling for Rel-15 UEs but are optional for Rel-16 wide area IAB nodes are assumed to be known to the operator through manufacturer declaration and to the network through configuration or OAM.
In RAN1 #100bis, some concern was expressed regarding the implications on the ASN.1 list if mandatory features without capability signaling are made optional. By using the above approach, it is possible to maintain the ASN.1 unchanged. As pointed out in the discussions and worth repeating here, UE feature signaling is only needed if the IAB node is unknown to the network. That is not the case for wide area, operator deployed IAB nodes after sending RRCSetupComplete, cf. Figure 1, and hence, no changes to ASN.1 are needed for that class of IAB nodes. We acknowledge, however, that a different solution is likely needed for local area IAB nodes.
[bookmark: _Toc40467923]No ASN.1 change is required for wide area IAB nodes since any UE feature that is not required for basic operation can be known through manufacturer declaration.
[bookmark: _Ref37413986]Capabilities for basic operation of operator deployed IAB nodes
Here we describe the UE features that have been identified to be needed for operator deployed IAB nodes. Below, only the feature group indices and feature group component indices are used to specify needed features. Appendix A presents the relation between these and the related capability in further detail.
Waveform, modulation, subcarrier spacings and CP
Although an operator anyway will not deploy nodes with incompatible and/or insufficient modulation schemes, and since OFDM is used in downlink and uplink, basic OFDM modulation is needed.
[bookmark: _Toc40467934]For features related to waveform, modulation, subcarrier spacings and CP, feature group indices 0-1, 0-3 and 0-4 are needed by operator deployed IAB nodes.
Initial access and mobility
Operator deployed stationary nodes do not need to support mobility, hence mobility is not a capability that should be included in basic IAB operation. Also, RAN4 has purposely not defined RLM and BFD/BFR requirements for MTs targeting operator-controlled macro type deployments. Therefore, for basic operation from the feature group 1-1, an IAB-MT only has to support one preamble.
[bookmark: _Toc40467935]For features related to initial access and mobility, one preamble in feature group index 1-1 and component 1 is needed by operator deployed IAB nodes.
MIMO
For MIMO operation, we think Basic PDSCH and PUSCH operation (feature groups 2-1 and 2-12) is needed. Of feature group 2-32, only component 1-4 are needed; as well as of feature group 2-50 and 2-52 only their respective component 1 is needed.
The other feature groups or remaining components merely present options that can substitute each other. For example, Basic downlink DMRS for scheduling type A or B, related to components 2-5 or 2-6, respectively, or Basic uplink DMRS for scheduling type A or B, related to components 2-16 or 2-16a, respectively. Another example of feature groups or components that can substitute each other is the periodic and aperiodic reporting aspect of 2-21 and 2-22 (beam reporting) and in 2-32 (CSI feedback). Components, such as Support SRS Frequency intra/inter-slot hopping (2-52, component 3) and the support for all TRS periodicities (when only one can be sufficient; 2-50, component 2) are enhancements not needed for stationary operator deployed IAB nodes.
[bookmark: _Toc40467936]For features related to MIMO, feature groups 2-1, 2-12 are needed; of feature group 2-32, components 1-4, and of feature group 2-50 and 2-52 only their respective component 1 are needed by operator deployed IAB nodes.
DL control channel and procedure
Of features related to DL control channel and procedure, the feature group 3-4 (more than one TCI state configurations per CORESET) is merely an enhancement to a basic IAB operation, i.e., one TCI state configuration is sufficient. That leaves feature group 3-1 (basic DL control channel), or parts thereof, as relevant. Components 1 (although CORESET 0 might be sufficient to reach RRC_CONNECT), 4 and 5 of this feature group are needed. The other components should be optional as only one aggregation level, one search space (component 2) and one unicast DCI scheduling UL per slot is sufficient. Furthermore, it is not necessary to support all monitoring DCI formats 0_0, 1_0, 0_1, 1_1, but only one of X_0 or X_1. It should be left to an operator to decide what (sub-) set of formats is needed in his network, be it for reasons of flexibility, performance or cost.
[bookmark: _Toc40467937]For features related to DL control channel and procedure, feature group index 3-1, components 1, 4 and 5 are needed by operator deployed IAB nodes.
UL control channel and procedure
Of the features belonging to UL control channel and procedure, feature groups 4-10 are enhancements. Both PUCCH format 2 and PUCCH format 3 (feature group 4-3 and 4-4) are not needed at the same time and can, in principle, substitute each other. Despite that frequency hopping is a transmission performance enhancement beyond basic IAB operation (assuming that the channel is rather stationary and reliable), it should be possible for IAB to only implementation PUCCH formats that are actually used. Therefore, both feature group 4-3 and 4-4 should be optional.
Similar to feature groups 4-3 and 4-4, all components in feature group 4-1 are only enhancements that are potentially supported only in some operator networks (like components 7, 8 and 10), and can be substituted by alternative configurations (SR (component 7) by semi-persistent configured UL scheduling) or can substitute each other (components 1, 2 and 3 – despite that frequency hopping is for operator deployed IAB nodes clearly an unnecessary enhancement factor). It should be optional whether and which components to use and therefore to implement in a network.
In summary, the feature UL control channel and procedure should be optional. It does not mean IAB would work without any feature group or component but, as stated above, it should be optional what to implement in order to achieve an operator’s desired functionality. For example, we recognize one out of feature groups 4-3 and 4-4 can be needed; as well as one of the components 1, 2 or 3 out of feature group 4-1 is needed.
[bookmark: _Toc40467924]For features related to UL control channel and procedure, one out of feature groups 4-3 and 4-4 can be needed; as well as only one component 1, 2 or 3 out of feature group 4-1 is needed by operator deployed IAB nodes.
Scheduling/HARQ operation
Of the feature Scheduling/HARQ operation, only some components in feature group 5-1 (Basic scheduling/HARQ operation) are needed for basic operation. These components are 1-4, 6, 9, 10, and 12. All other components and feature groups related to Scheduling/HARQ that are mandatory for Rel-15 UEs without signaling or signaling which shall be set to '1' are enhancements. For example, feature group 5-6, PDSCH mapping type A with less than 7 OFDM symbols, is either a scheduling improvement, increases operation flexibility or an operation can be substituted by alternative mechanisms (such as HARQ by other means). They may be nice to have but are strictly not needed for basic IAB operation.
[bookmark: _Toc40467938]For features related to scheduling/HARQ operation, feature group index 5-1, components 1-4, 6, 9, 10, and 12 are needed by operator deployed IAB nodes.
[bookmark: _Ref37417474]CA/DC, BWP, SUL
It was agreed in RAN4#93, the introduction of EN-DC is FFS, while intra-band CA may be the focus at the beginning [5]. Yet, what exactly is important for each operator is to be discussed in a later stage. This also implies that first IAB deployments will not be based on EN-DC but in SA and, therefore, EN-DC features and capabilities cannot be considered essential or basic for IAB networks. Also, CA and SUL related capabilities should be considered being beyond IAB basic operation. Therefore, only features related Basic BWP operation with restriction are needed.
[bookmark: _Toc40467939]For features related to CA/DC, BWP, SUL, feature group index 6-1 is needed by operator deployed IAB nodes.
Channel coding
Although an operator anyway will not deploy nodes with incompatible channel coding capabilities, we recognize that feature group 7-1 is the only option for channel coding and that it is needed.
[bookmark: _Toc40467940]For features related to channel coding, feature group 7-1 is needed by operator deployed IAB nodes.
UL TPC
A stationary IAB node with operator deployment can only operate based one of open or closed loop power control and the operator should be able to decide which one is not needed. As explained in Sec. 2.3.7, EN-DC features and capabilities cannot be considered essential or basic for IAB networks. Therefore, features related to UL TCP should be optional.
[bookmark: _Toc40467925]Features related to UL TPC are not considered to be basic operation.
Local area IAB nodes
As presented above, the RAN4 agreement regarding introducing different power levels may have severe implications on the differentiation among different types of IAB nodes. Although the local area IAB node has been agreed in RAN4, its properties have not. Hence, there is some uncertainty associated with it at this stage. Nevertheless, it is possible to make some reasonably accurate conclusions based on what is presently known. 
The starting point for the differentiation between IAB classes is transmit power. Whereas the wide area IAB node requires planning and hence operator involvement due to its higher transmit power, it is generally assumed that the local area IAB node does not. As a consequence of the eliminated need for network planning and operator involvement, the IAB node may not be able to rely on manufacturer declaration for providing its features and capabilities to the network. Instead, it will likely need to rely on signaling for that, in which case any Rel-15 mandatory UE features will either need to remain mandatory or will require changes to ASN.1. A further consequence of the eliminated need for operator involvement, some kind of RF requirements will need to be fulfilled for local area network nodes. The most evident solution is to use the existing Rel-15 UE features for that since any other requirement will increase specification work without any obvious benefit. Furthermore, if the operator does not control the IAB node, it may be mobile, resulting in a requirement on mobility and roaming features and capabilities since the network to connect to may not be known prior to connection. This use case further weakens the case for manufacturer declaration to be a viable solution for this kind of IAB nodes. 
Based on the discussion above, below we summarize these conclusions in a few observations related to local area, freely deployed IAB nodes.
[bookmark: _Toc40467926]For local area IAB nodes, the reduced Tx power implies network planning may not be required under all circumstances.
[bookmark: _Toc40467927]Absent the network planning requirement, the local area IAB node may not need to be deployed by the operator. Hence, the IAB node cannot rely on manufacturer declaration for features and capabilities but will instead need to rely on capability signaling, in which case any Rel-15 mandatory features will either need to remain mandatory or require changes to ASN.1.
[bookmark: _Toc40467928]Absent the network planning requirement, typical UE RF requirements will need to be fulfilled for local area IAB nodes. These may of course still differ from ordinary UEs but that would vastly complicate specification work.
[bookmark: _Toc40467929]Absent the network planning requirement, the local area IAB node may be mobile, hence mobility and roaming requirements will be needed and may connect to a variety of networks.
Considering the above differences, the following RAN2 conclusion is highly relevant: We consider a min set of features for wide area MT, and whether there may be a need for more mandatory features local area MT. Depending on the final definition of the local area IAB node class, including possible sub-classes, the above requirements may be more or less relevant. Nevertheless, they exemplify the difference between, on the one hand, wide area, operator deployed IAB nodes, and on the other hand, local area, freely deployed IAB nodes. It also implies that although the specification of IAB nodes is common for the two classes, their respective applications are likely to differ significantly.
Rel-16 UE features
In RAN1 #100bis, the issue of the optionality level for feature groups 20-2. 20-3, 20-6 and 20-7 was left for further discussion.
In principle, all feature groups 20-2, 20-3, 20-6 and 20-7 can be optional as basic IAB backhaul connectivity can be established without them or by alternative means.
· FG 20-2 is required to either find alternative parent nodes during the time an MT maintains a parent backhaul link or to perform measurements on its parent backhaul link. We think both are useful features, because they enhance operation, but can be substituted (e.g. CSI-RS measurements) and/or are not strictly required to initially build up any IAB network – an MT can always find a first parent node based on Rel-15 SSB reception.
· FG 20-3 is not required for an MT to principally connect to a parent node, since it can do so just like any Rel-15 UE. FG 20-3 rather provides flexibility for RACH and deployment.
· FG 20-6 is clearly an enhancement allowing a more efficient resource usage of otherwise unused DU configured soft resources. It is not enabling any IAB essential operation. Enhancements should not be mandatory or similar.
[bookmark: _Toc40467941]Feature Groups 20-2, 20-3 and 20-6 are optional with capability signaling.
Feature Group 20-7 can be seen as an alternative to GNSS based cell phase sync methods or vice versa. We are therefore not sure whether the overall Case-1 OTA timing alignment mechanism is complementary, i.e., optional, from an GNSS point of view or mandatory from an IAB-node point of view, in which case GNSS is optional. However, the use and application of any T_delta related information, if received by an MT, is under the discretion of the DU function of an IAB node, i.e., a RAN node, and therefore it could be questionable to mandate the FG.
We believe, Case-1 OTA timing alignment mechanism is rather complementary and since there is no real network interaction on this feature group (support of FG 20-7 does not automatically guarantee the DU uses the signaled information at all), and therefore we prefer that FG 20-7 is optional with capability signaling.
[bookmark: _Toc40467942]FG 20-7 is optional with capability signaling.
Conclusion
In the previous sections we made the following observations: 
Observation 1	Operator deployed IAB nodes will need careful network planning due to higher Tx power.
Observation 2	Operator deployed IAB nodes do not need to fulfil typical UE RF requirements.
Observation 3	An IAB node vendor of operator deployed IAB nodes should only implement what the operator requires and what is supported in the network.
Observation 4	Since features and functionality of operator deployed IAB nodes will be specified by operators, minimal specification should be made through standardization.
Observation 5	Operator deployed IAB nodes need not to fulfil typical requirements related to mobility and roaming.
Observation 6	Operator deployed IAB-MTs are not UEs and for that reason are not required to support any of the UE capabilities that are defined in TS 38.306.
Observation 7	No ASN.1 change is required for wide area IAB nodes since any UE feature that is not required for basic operation can be known through manufacturer declaration.
Observation 8	For features related to UL control channel and procedure, one out of feature groups 4-3 and 4-4 can be needed; as well as only one component 1, 2 or 3 out of feature group 4-1 is needed by operator deployed IAB nodes.
Observation 9	Features related to UL TPC are not considered to be basic operation.
Observation 10	For local area IAB nodes, the reduced Tx power implies network planning may not be required under all circumstances.
Observation 11	Absent the network planning requirement, the local area IAB node may not need to be deployed by the operator. Hence, the IAB node cannot rely on manufacturer declaration for features and capabilities but will instead need to rely on capability signaling, in which case any Rel-15 mandatory features will either need to remain mandatory or require changes to ASN.1.
Observation 12	Absent the network planning requirement, typical UE RF requirements will need to be fulfilled for local area IAB nodes. These may of course still differ from ordinary UEs but that would vastly complicate specification work.
Observation 13	Absent the network planning requirement, the local area IAB node may be mobile, hence mobility and roaming requirements will be needed and may connect to a variety of networks.
Based on the discussion in the previous sections we propose the following:
Proposal 1	Operator deployed IAB nodes will have no mandatory UE feature groups for their IAB-MT.
Proposal 2	RAN1 to agree on a subset, among the UE features that are mandatory without capability signaling, or with capability signaling set to 1, that is needed for basic operation of operator deployed IAB nodes.
Proposal 3	For planned IAB-MTs, the basic feature set is the feature set allowing connection setup, i.e., for the MT to perform all the steps required for RRC_CONNECT.
Proposal 4	Features that are mandatory without signaling for Rel-15 UEs but are optional for Rel-16 wide area IAB nodes are assumed to be known to the operator through manufacturer declaration and to the network through configuration or OAM.
Proposal 5	For features related to waveform, modulation, subcarrier spacings and CP, feature group indices 0-1, 0-3 and 0-4 are needed by operator deployed IAB nodes.
Proposal 6	For features related to initial access and mobility, one preamble in feature group index 1-1 and component 1 is needed by operator deployed IAB nodes.
Proposal 7	For features related to MIMO, feature groups 2-1, 2-12 are needed; of feature group 2-32, components 1-4, and of feature group 2-50 and 2-52 only their respective component 1 are needed by operator deployed IAB nodes.
Proposal 8	For features related to DL control channel and procedure, feature group index 3-1, components 1, 4 and 5 are needed by operator deployed IAB nodes.
Proposal 9	For features related to scheduling/HARQ operation, feature group index 5-1, components 1-4, 6, 9, 10, and 12 are needed by operator deployed IAB nodes.
Proposal 10	For features related to CA/DC, BWP, SUL, feature group index 6-1 is needed by operator deployed IAB nodes.
Proposal 11	For features related to channel coding, feature group 7-1 is needed by operator deployed IAB nodes.
Proposal 12	Feature Groups 20-2, 20-3 and 20-6 are optional with capability signaling.
Proposal 13	FG 20-7 is optional with capability signaling.
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A	Needed features in operator deployed IAB-MTs
Below we present a minimum set of features that are needed for basic operation for operator deployed IAB-MTs. It should be noted that in feature groups with multiple components, oftentimes, only one or a few of the components are needed for an IAB-MT. Furthermore, some feature groups may be mutually exclusive in that one out of two may be sufficient for basic operation. For these cases, we propose to leave it to the operator and network vendor to decide which of the groups to be implemented. The table below leaves out columns regarding Prerequisite feature groups, Field Names, Parent IEs, FDD/TDD differentiation and FR1/FR2 differentiation since these columns have not had any impact on the outcome. 

	Features
	Index
	Feature group
	Components
	Note
	Mandatory/
Optional
	IAB effects

	0. Waveform, modulation, subcarrier spacings, and CP
	0-1
	CP-OFDM waveform for DL and UL
	1) CP-OFDM for DL
2) CP -OFDM for UL
	
	Mandatory without capability signalling
	Needed (though, an operator will not deploy nodes with incompatible and/or insufficient modulation schemes)

	
	0-3
	DL modulation scheme
	1) QPSK modulation
2) 16QAM modulation
3) 64QAM modulation for FR1
	
	Mandatory without capability signalling
	Needed

	
	0-4
	UL modulation scheme
	1) QPSK modulation
2) 16QAM modulation
	
	Mandatory without capability signalling
	Needed

	1. Initial access and mobility
	1-1
	Basic initial access channels and procedures
	1) RACH preamble format 
2) SS block based RRM measurement 
3) Broadcast SIB reception including RMSI/OSI and paging
	Broadcast SIB reception including RMSI/OSI and paging are components of basic initial access channels and procedures for NR standalone and NE-DC
	Mandatory without capability signalling
	1) At least one preamble supported
2) Optional; connected mode measurements (HO) not needed
3) Optional; SIB1 can be provided, e.g., during deployment of wide-area IAB; paging not part of basic BH operation

	2. MIMO
	2-1
	Basic PDSCH reception
	1) Data RE mapping
2) Single layer transmission
3) Support one TCI state
	
	Mandatory without capability signalling
	Needed

	
	2-5
	Basic downlink DMRS
for scheduling type A
	1) Support 1 symbol FL DMRS without additional symbol(s)  
2) Support 1 symbol FL DMRS and 1 additional DMRS symbol 
3) Support 1 symbol FL DMRS and 2 additional DMRS symbols for at least one port.
	conditioned to whether PDSCH scheduling type A is supported
	Mandatory without capability signalling (condition to scheduling capability)
	Optional;
one could also only use basic downlink DMRS for scheduling type B (see 2-6);
any of 1), 2) or 3) could be used

	
	2-6
	Basic downlink DMRS
for scheduling type B
	1) Support 1 symbol FL DMRS without additional symbol(s)
2) Support 1 symbol FL DMRS and 1 additional DMRS symbol
	conditioned to whether PDSCH scheduling type B is supported
	Mandatory without capability signalling (condition to scheduling capability)
	Optional;
one could also only use basic downlink DMRS for scheduling type A (see 2-5);
any of 1) or 2) could be used

	
	2-12
	Basic PUSCH transmission
	Data RE mapping
Single layer (single Tx) transmission 
Single port, single resource SRS transmission (SRS set use is configured as for codebook)
	Support of SRS set usage configured as for codebook does not imply UE support of codebook based PUSCH MIMO transmission.
	Mandatory without capability signalling
	Needed

	
	2-16
	Basic uplink DMRS (uplink) for scheduling type A
	1) Support 1 symbol FL DMRS without additional symbol(s)
2) Support 1 symbol FL DMRS and 1 additional DMRS symbols 
3) Support 1 symbol FL DMRS and 2 additional DMRS symbols
	Conditioned to whether PUSCH scheduling type A is supported
	Mandatory without capability signalling
	Optional;
one could also only use basic uplink DMRS (uplink) for scheduling type B (see 2-16a);
any of 1), 2) or 3) could be used

	
	2-16a
	Basic uplink DMRS
for scheduling type B
	1) Support 1 symbol FL DMRS without additional symbol(s)
2) Support 1 symbol FL DMRS and 1 additional DMRS symbol
	conditioned to whether PUSCH scheduling type B is supported
	Mandatory without capability signalling
	Optional;
one could also only use basic uplink DMRS (uplink) for scheduling type A (see 2-16);
any of 1) or 2) could be used

	
	2-21
	Periodic beam report
	1) Support report on PUCCH formats over 1 – 2 OFDM symbols once per slot
2) Support report on PUCCH formats over 4 – 14 OFDM symbols once per slot
	
	Mandatory with capability signalling for both FR1 and FR2
	Optional; reporting can be aperiodic;
no need for periodic reporting of stationary nodes

	
	2-22
	Aperiodic beam report
	Support aperiodic report on PUSCH
	
	Mandatory with capability signalling for both FR1 and FR2
	Optional; reporting can also be periodic

	
	2-32
	Basic CSI feedback
	1) Type I single panel codebook based PMI (further discuss which mode or both to be supported as mandatory) 
2) 2Tx codebook for FR1 and FR2 
3) 4Tx codebook for FR1
4) 8Tx codebook for FR1 when configured as wideband CSI report
5) p-CSI on PUCCH formats over 1 – 2 OFDM symbols once per slot (or piggybacked on a PUSCH)
6) p-CSI report on PUCCH formats over 4 – 14 OFDM symbols once per slot (or piggybacked on a PUSCH)
7) a-CSI on PUSCH (at least Z value >= 14 symbols, detail processing time to be discussed separately) 
further check a-CSI on p-CSI-RS and/or SP-CSI-RS from component-7
	
	Mandatory without capability signalling
	1)-4) Needed
5) and 6) optional; periodic CSI not needed for stationary IAB nodes; 5) 6) can substitute each other
7) optional, reporting can also be periodic

	
	2-50
	Basic TRS
	1) Support of TRS (mandatory)
2) All the periodicity are supported.
3) Support TRS bandwidth configuration as both "BWP" and "min(52, BWP)"
	TRS bandwidth configuration does not imply UE processing bandwidth
	Mandatory without capability signalling
	1) Needed
2) Optional; not all periodicities are required
3) Optional; only one configuration required

	
	2-52
	Basic SRS
	1) Support 1 port SRS transmission
2) Support periodic/aperiodic SRS transmission
3) Support SRS Frequency intra/inter-slot hopping within BWP
4) At least one SRS resource per CC for aperiodic and periodic separately
	
	Mandatory without capability signalling
	1) Needed
2) Optional; only 1 period or aperiodic SRS transmission required
3) Optional, for stationary nodes
4) optional, only one SRS is needed for basic operation of stationary nodes

	3. DL control channel and procedure
	3-1
	Basic DL control channel
	1) One configured CORESET per BWP per cell in addition to CORESET0
- CORESET resource allocation of 6RB bit-map and duration of 1 – 3 OFDM symbols for FR1
- For type 1 CSS without dedicated RRC configuration and for type 0, 0A, and 2 CSSs, CORESET resource allocation of 6RB bit-map and duration 1-3 OFDM symbols for FR2
- For type 1 CSS with dedicated RRC configuration and for type 3 CSS, UE specific SS, CORESET resource allocation of 6RB bit-map and duration 1-2 OFDM symbols for FR2
- REG-bundle sizes of 2/3 RBs or 6 RBs
- Interleaved and non-interleaved CCE-to-REG mapping
- Precoder-granularity of REG-bundle size 
- PDCCH DMRS scrambling determination
- TCI state(s) for a CORESET configuration
2) CSS and UE-SS configurations for unicast PDCCH transmission per BWP per cell
- PDCCH aggregation levels 1, 2, 4, 8, 16
- UP to 3 search space sets in a slot for a scheduled SCell per BWP
This search space limit is before applying all dropping rules. 
- For type 1 CSS with dedicated RRC configuration, type 3 CSS, and UE-SS, the monitoring occasion is within the first 3 OFDM symbols of a slot
- For type 1 CSS without dedicated RRC configuration and for type 0, 0A, and 2 CSS, the monitoring occasion can be any OFDM symbol(s) of a slot, with the monitoring occasions for any of Type 1- CSS without dedicated RRC configuration, or Types 0, 0A, or 2 CSS configurations within a single span of three consecutive OFDM symbols within a slot
3) Monitoring DCI formats 0_0, 1_0, 0_1, 1_1
4) Number of PDCCH blind decodes per slot with a given SCS follows Case 1-1 table
5) Processing one unicast DCI scheduling DL and one unicast DCI scheduling UL per slot per scheduled CC for FDD
6) Processing one unicast DCI scheduling DL and 2 unicast DCI scheduling UL per slot per scheduled CC for TDD
	
	Mandatory without capability signalling
	1) Needed, though CORESET0 might be sufficient for initial access
2) Optional;
One aggregation level and one search space are sufficient;
3) Optional; only X_0 or X_1 is needed
4) Needed
5) Needed
6) Optional; one unicast in UL can be sufficient for basic operation.

	4. UL control channel and procedure
	4-1
	Basic UL control channel
	1) PUCCH format 0 over 1 OFDM symbols once per slot 
2) PUCCH format 0 over 2 OFDM symbols once per slot with frequency hopping as "enabled"
3) PUCCH format 1 over 4 – 14 OFDM symbols once per slot with intra-slot frequency hopping as "enabled"
5) One SR configuration per PUCCH group
6) HARQ-ACK transmission once per slot with its resource/timing determined by using the DCI
7)
SR/HARQ multiplexing once per slot using a PUCCH when SR/HARQ-ACK are supposed to be sent by overlapping PUCCH resources with the same starting symbols in a slot
8) HARQ-ACK piggyback on PUSCH with/without aperiodic CSI once per slot when the starting OFDM symbol of the PUSCH is the same as the starting OFDM symbols of the PUCCH resource that HARQ-ACK would have been transmitted on
9) Semi-static beta-offset configuration for HARQ-ACK
10) Single group of overlapping PUCCH/PUCCH and overlapping PUCCH/PUSCH s per slot per PUCCH cell group for control multiplexing
	
	Mandatory without capability signalling
	1) Optional;
Not needed for basic operation if 2) or 3) is supported;
2) Optional;
Not needed for basic operation if 1) is supported;
frequency hopping is not needed for operator deployed IAB nodes
3) Optional;
Not needed for basic operation if 1) is supported;
frequency hopping is not needed for operator deployed IAB nodes


5) optional; SR can be arranged in a non- dynamic fashion
6) Only needed if HARQ is supported
7) Optional;
not needed for initial connection
8) Optional;
Not needed for basic operation, enhancement
9) Optional;
Only applicable if HARQ is supported


	
	4-3
	PUCCH format 2 over 1 – 2 OFDM symbols once per slot with frequency hopping as "enabled"
	PUCCH format 2 over 1 – 2 OFDM symbols once per slot with frequency hopping as "enabled"
	
	Mandatory with capability signalling which shall be set to '1'
	Optional;
one could also only use PUCCH format 3 (see 4-4);
frequency hopping is not needed for stationary, operator deployed IAB nodes

	
	4-4
	PUCCH format 3 over 4 – 14 OFDM symbols once per slot with frequency hopping as "enabled"
	PUCCH format 3 over 4 – 14 OFDM symbols once per slot with frequency hopping as "enabled"
	
	Mandatory with capability signalling which shall be set to '1'
	Optional;
one could also only use PUCCH format 2 (see 4-3);
frequency hopping is not needed for stationary, operator deployed IAB nodes

	5. Scheduling/HARQ operation
	5-1
	Basic scheduling/HARQ operation
	1) Frequency-domain resource allocation
- RA Type 0 only and Type 1 only for PDSCH without interleaving
- RA Type 1 for PUSCH without interleaving
2) Time-domain resource allocation
- 1-14 OFDM symbols for PUSCH once per slot
- One unicast PDSCH per slot 
- Starting symbol, and duration are determined by using the DCI
- PDSCH mapping type A with 7-14 OFDM symbols
- PUSCH mapping type A and type B
- For type 1 CSS without dedicated RRC configuration and for type 0, 0A, and 2 CSS, PDSCH mapping type A with {4-14} OFDM symbols and type B with {2, 4, 7} OFDM symbols
3) TBS determination
4) Nominal UE processing time for N1 and N2 (Capability #1)
5) HARQ process operation with configurable number of DL HARQ processes of up to 16
6) Cell specific RRC configured UL/DL assignment for TDD
7) Dynamic UL/DL determination based on L1 scheduling DCI with/without cell specific RRC configured UL/DL assignment
8) Intra-slot frequency-hopping for PUSCH scheduled by Type 1 CSS before RRC connection 
9) In TDD support at most one switch point per slot for actual DL/UL transmission(s)
10) DL scheduling slot offset K0=0
11) DL scheduling slot offset K0=1 for type 1 CSS without dedicated RRC configuration and for type 0, 0A, and 2 CSS
12) UL scheduling slot offset K2<=12

For type 1 CSS without dedicated RRC configuration and for type 0, 0A, and 2 CSS, interleaving for VRB-to-PRB mapping for PDSCH
	
	Mandatory without capability signalling
	1) Needed 
2) Needed 
3) Needed 
4) Needed
5) Optional;
Not needed for basic operation of an operator deployed node
6) Needed
7) Optional;
Not needed for initial connection and node can be operated in a semi-static TDD manner
8) Optional;
Not needed for initial connection and frequency hopping is rather an optimization in case of operator deployed nodes
9) Needed
10) Needed
11) Optional;
Not needed for initial connection
12) Needed


	6. CA/DC, BWP, SUL
	6-1
	Basic BWP operation with restriction
	1) 1 UE-specific RRC configured DL BWP per carrier
2) 1 UE-specific RRC configured UL BWP per carrier
3) RRC reconfiguration of any parameters related to BWP
4) BW of a UE-specific RRC configured BWP includes BW of CORESET#0 (if CORESET#0 is present) and SSB for PCell/PSCell (if configured) and BW of the UE-specific RRC configured BWP includes SSB for SCell if there is SSB on SCell
	This feature should be mandatory without capability signalling for at least BWPs which is the same as the set of specified channel BW

UE-specific RRC configured DL/UL BWP can have the same or different numerology from the initial active DL/UL BWP
	Mandatory without capability signalling
	Needed

	7. Channel coding
	7-1
	Channel coding
	1) LDPC encoding and associated functions for data on DL and UL
2) Polar encoding and associated functions for PBCH, DCI, and UCI
3) Coding for very small blocks
	
	Mandatory without capability signalling
	Needed;
However, for operator deployed nodes, the operator itself will ensure compatible Channel Coding capabilities

	8. UL TPC
	8-3
	Basic power control operation
	1) Accumulated power control mode for closed loop
2) 1 TPC command loop for PUSCH, PUCCH respectively
3) One or multiple DL RS configured for pathloss estimation
4) One or multiple p0-alpha values configured for open loop PC
5) PUSCH power control 
6) PUCCH power control 
7) PRACH power control
8) SRS power control 
9) PHR
	
	Mandatory without capability signalling
	Optional;
A stationary node with operator deployment can only operate based one of open or closed loop power control
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