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Introduction
[bookmark: _Hlk47438333]The Integrated Access and Backhaul (IAB) for NR Work Item (WI) [1] defines the following objective of Performance part:
	· [bookmark: _Hlk47438345]Define demodulation performance requirements for both backhaul and access links of an IAB-node. [RAN4]



The WI description includes the following features with a potential impact on BS demodulation:
	· Multi-hop backhauling for flexible range extension for both FR1 and FR2.
· Support for NR-NR DC from the UE and IAB-node perspective
· Efficient operation for both inband and out-of-band relaying.
· Flexible deployment allowing IAB-node operation in EN-DC mode with EPC or in SA-mode with 5GC.
· OTA synchronization across IAB topology.



The objectives potentially related to BS demodulation performance are defined in the Testing part of the WI description [1]:
	· Physical layer specification [RAN1-led, RAN2, RAN3, RAN4]:
· Specification of SSB/RMSI periodicity for NR initial access assumed by an IAB-node.
· Specification of extensions to Rel. 15 to support the use of SSBs orthogonal to SSBs used for UEs (via TDM and/or FDM), for inter-IAB-node discovery and measurements, including additional SMTC periodicities and time-domain mapping of SSB locations (e.g. enable muting patterns to deal with half-duplex constraint). 
· Specification of extension of RACH occasions and periodicities for backhaul RACH resources. w.r.t. access RACH resources, and associated network coordination mechanisms for selection of such parameters (in order to orthogonalize access and BH due to the half-duplex constraints) 
· Specification of mechanisms for resource multiplexing among backhaul and access links. This includes: 
· Specification of semi-static configuration for IAB-node/IAB-donor DU resources in case of TDM operation subject to half-duplex constraint. This shall be forward compatible to allow the support of half-duplex scenarios with FDM and SDM resource sharing among backhaul and access links. 
· Specification of time resource types for the DU’s child links: DL hard, DL soft, UL hard, UL soft, Flexible hard, Flexible soft, Not Available 
· Specification of dynamic indication (L1 signalling) of the availability of soft resources for a child IAB-node DU 
· Specification of required transmission/reception rules for IAB-nodes and associated behaviours regarding time resource utilization as discussed in TR 38.874 clause 7.3.3.
· Specification of mechanism to support the “case-1” OTA timing alignment.



In this paper, we overview the motivation, functions, and use-cases of IAB. We examine IAB-related changes introduced in the Ran1 specifications and evaluate their potential impact on BS demodulation requirements. Based on this analysis and the utilization of the new links in IAB deployments, we conclude how the performance requirements can be introduced in TS 38.174 [2].
Integrated Access & Backhaul (IAB)
In this section, we will provide a general overview of IAB technology, introduce terminology, and define the scope of IAB demodulation. Additionally, the work plan for IAN demod is proposed.
Motivation
IAB technology enables wireless relaying and backhauling in NG RAN. It allows for more freedom in BS deployment and loosens the dependency on wired/fiber backhaul links. IAB specifies a way to do backhauling between nodes of the NR infrastructure using the standard NR Uu/air interface/resources, that was traditionally employed only for communication between infrastructure and UEs.
IAB becomes especially attractive solution for FR2 deployments that require higher site density, but posses enough spectrum resources that can be shared between access and backhaul. The utilization of IAB purely as multi-hop backhaul for FR1 and FR2 is also a promising cost-saving solution.
[bookmark: _Hlk47447140]The main reasons for IAB deployment are:
· Mitigate dependency on sparse fiber access
· Remediate isolated coverage gaps
· Enhance capacity
· Bridge coverage from outdoor to indoor
Another promising IAB use case is enabling group mobility; however, this was excluded from the scope of the Rel-16 IAB WI.
Architecture and definitions
In this section, we introduce the main IAB entities and definitions based on the results of the IAB SI 38.874 [3] and RAN CRs.
IAB strives to reuse existing functions and interfaces defined for access. Therefore, network entities such as Mobile Terminal (MT), User Equipment (UE), gNB Distributed Unit (DU), and gNB Centralized Unit (CU) are used as a baseline for the IAB architecture.
Figure 1 shows a reference diagram for IAB in standalone mode, which contains one IAB-donor and multiple IAB-nodes.


[bookmark: _Ref44509232]Figure 1: Reference diagram for IAB-architectures (SA mode).

IAB enhanced versions of network functions and interfaces require a clear definition:
IAB-node	RAN node that supports wireless access to UEs and wirelessly backhauls the access traffic. It supports gNB-DU functionality, and a subset of the UE functionality referred to as IAB-MT.
IAB-donor	RAN node which provides UE's interface to core network and wireless backhauling functionality to IAB-nodes. The IAB-donor is treated as a single logical node that comprises a set of functions such as gNB-DU, gNB-CU-CP, gNB-CU-UP and potentially other functions.
IAB-MT or MT	In the context of IAB, MT is referred to as a function residing on an IAB-node that terminates the radio interface layer of the backhaul Uu interface towards the IAB-donor or other IAB-node.
IAB-DU or DU	A function residing on an IAB-node and playing the role of gNB-DU.
UE	A subscriber device accessing the radio network. IAB is transparent for UEs.
Parent node	IAB-MT’s next hop neighbour node. It can be IAB-node or IAB-donor.
Child node	IAB-DU’s next hop neighbour node. The child node is also an IAB-node.
Access link	A link between an access UE and IAB-node or IAB-donor.
Backhaul link	A link between an IAB-node and IAB Child or an IAB Parent node.
Upstream	A direction toward parent node.
Downstream	A direction toward child node or UE.

The reference architecture assumed in this paper is shown in Figure 2. It demonstrates a two-hop chain of IAB-nodes underneath an IAB donor. Each IAB-node holds a DU and MT. Via the MT, the IAB-node connects to a parent IAB-node or the IAB-donor. Via the DU, the IAB-node establishes RLC-channels to UEs and to MTs of downstream IAB-nodes.


[bookmark: _Ref44519626][bookmark: _Ref44519212]Figure 2: Reference diagram for IAB architecture 1a from [3].

[image: ]
[bookmark: _Ref44519333]Figure 3: Different IAB link types.
[bookmark: _Hlk47445939]As can be seen in Figure 3, in IAB set-up, there are in total six different link types:
1) Parent backhaul (BH): the BH link between Parent node and IAB-node.
2) Child BH: the BH link between IAB-node and Child node.
3) Access: the links between Access UE and IAB node/IAB donor.
· DL (Downlink) and UL (Uplink) for all the links above.
Scope of IAB demodulation
[bookmark: _Hlk47445909]With the introduction of IAB, we observe the following types of demodulation:
· [bookmark: _Hlk47446456]BS Demod covering UL access channels,
· UE Demod covering DL access channels),
· IAB-node Demod covering UL BH channels,
· IAB-node Demod covering DL BH channels.
[bookmark: _Hlk47454456]UE Demod and BS Demod in IAB context are the same as the “traditional” UE and BS demodulation. Since IAB is transparent for the UEs, UE Demod and BS Demod are not in the scope of IAB demodulation.
[bookmark: _Ref47527219]IAB technology is transparent for access UEs and should not have any impact on the physical layer performance.
[bookmark: _Ref47530987]Limit the scope of IAB Demod only to BH links. Demodulation performance requirements for the Access links of an IAB-node can be left the same as existing BS and UE demodulation performance requirements.

We see the IAB-node Demod in UL to be very similar to the “traditional” BS demodulation. Also, the WID [1] has deliberately chosen the term “IAB-node” and, thus, let us exclude the DU part of the IAB-donor from the considerations.
Both IAB-MT and IAB-DU are the parts of the same device, i.e., BS or IAB-node, deployed by a RAN vendor. Demodulation performance requirements should be specified in the same TS 38.174 [2]. For these reasons, we see only IAB-node Demod corresponding both to UL and DL BH channels to be in the real scope of IAB Demod.
[bookmark: _Ref47530989]WID necessitates to define only the demodulation performance requirements of an IAB-node.
[bookmark: _Ref47531000]Focus primarily on demodulation performance requirements for IAB-nodes, excluding the IAB-donor DU, CU, and CSI reporting requirements.
[bookmark: _Ref47531008]IAB-nodes, including DU and MT parts, belong to the infrastructure in general and correspond to BS, or BS-like, devices.
[bookmark: _Ref47531011][bookmark: _Hlk46908982]RAN4 to handle all demodulation requirements together in an IAB demodulation agenda item, to not impose an artificial separation within a single system.
Work plan for IAB demodulation performance requirements
From TU management for Q3’2020 presentation [3] it follows that
· RAN4#96-e has 0.5 TU allocated to the NR_IAB-Perf WI.
· TU allocation plan beyond Q3/2020 will be presented and discussed at RAN#89E in September.
Nevertheless, we see it important to propose the work plan for IAB demodulation performance requirements as follows.
RAN4#96-e:
1. Discussion and agreement on work plan.
1. Discussion on overall performance impact
RAN4#97-e:
1. Finish discussions on work plan and performance impact.
1. Start discussions per physical backhaul channel.
RAN4#98:
1. Continue discussions per physical backhaul channel.
1. Simulation configuration alignments and FRC for backhaul channels.
RAN4#98-bis:
1. Finish discussions per physical backhaul channel.
1. Simulation results collection and alignment .
RAN4#99:
1. Final round of simulation results collection and alignment.
1. Draft CR frameworks for introducing IAB demodulation requirements.
RAN4#100:
1. CRs for TS 38.174 IAB demodulation performance requirements for backhaul links
1. CRs for TS 38.xxx IAB demodulation performance tests for backhaul links

In partuclar, at RAN4#96-e meeting it will be important to discuss the necessety to split between IAB-DU and IAB-MT, simplification potential, test spec in RAN4 or RAN5, etc.

[bookmark: _Ref47729358]There is no specification defined for the IAB demodulation pefromance test.

IAB specification changes relevant to demodulation performance
In this section, we evaluate the potentially demodulation performance relevant differences over Rel-15/16 introduced by the NR_IAB WI.
A procedure for an IAB-MT to perform cell search, system information acquisition, or random-access procedure is the same as a corresponding one for a UE except for the few changes described below in more details:
· Time-domain resource multiplexing among backhaul (BH) and Access links
· New slot formats
· Guard symbols for transitions between IAB-MT and IAB-DU.
· New slot “categories” for IAB-DU: Hard, Soft, Unavailable.
· New DCI format 2_5 and AI-RNTI for Soft symbols Availability Indicator
· IAB node discovery and measurements
· Additional SSB raster for IAB-node discovery and measurements
· Initial access between IAB-MT and IAB-Donor
· Scaled periodicity and time offset of IAB PRACH Occasions
· [bookmark: _Hlk44430428]Timing alignment
· New timing offset parameters for IAB-DU
Time-domain resource allocation and multiplexing among BH and access links
The main changes in IAB resource allocation concern the mechanisms for resource multiplexing among the new BH and the “classical” access links. The complete set of changes to TS 38.213, concerning this integrated access-backhaul operation, can be found in RAN1 CR [5].
In Release 16, IAB supports only TDM between access and BH links at an IAB-node, subject to a half-duplex constraint.
The gNB-DU (the term used for IAB-DU and IAB-donor-DU) Resource Configuration procedure is initiated by the gNB-CU in order to configure the resource usage for a gNB-DU. The full description of RAN3 IAB procedures can be found in CR [6].
A slot format for an IAB-DU or an IAB-MT includes downlink symbols, uplink symbols, and flexible symbols. Flexible time resource means that the device cannot make any assumptions on the transmission direction, unless it is specified explicitly with the DL control scheduling message.
Semi-static RRC signaling of resource type supports cell-specific and dedicated slot formats:
· For each serving cell of an IAB-DU, the IAB-DU can be provided a cell-specific indication for a slot format over a number of slots.
· For each serving cell, an IAB-MT can be provided an indication for a dedicated slot format over a number of slots, that overrides only flexible symbols provided by cell-specific format.
For the dynamic slot-format indication, 41 new TDD slot formats were defined for IAB operation. Slot Format Indicator (SFI) is consistent with DCI format 2_0.
For a serving cell of an IAB-MT, the IAB-MT can be provided by a number of guard symbols that will not be used for the IAB-MT in slots where the IAB-node transitions between IAB-MT and IAB-DU [7], .e.g., for a transition from DU UL Rx to MT DL Rx. . The IAB-MT on the child node can inform the parent IAB-DU or IAB-donor DU about the number of guard symbols desired via the Desired Guard Symbol MAC CE
With reference to slots of an IAB-DU serving cell, a symbol in a slot of an IAB-DU serving cell can be configured to be of the three new categories:
· Hard, the corresponding time resource is always available for the DU child link either for transmission or reception.
· Soft, the availability of the corresponding time resource for the DU child link is explicitly and/or implicitly (the parent node does not need to be aware of) controlled by the parent node:
· For TDM, the availability of Soft DU resources depends on the use of the corresponding MT resource in parent link.
· Resource usage can be determined explicitly by received DCI format 2_5.
· Unavailable, the IAB-DU neither transmits nor receives in the symbol.
[bookmark: _Hlk527573589][bookmark: _Hlk527574480]Additionally, a symbol of a slot is equivalent to being configured as hard if an IAB-DU would transmit a SS/PBCH block, PDCCH for Type0-PDCCH CSS sets, or a periodic CSI-RS in the symbol of the slot, or would receive a PRACH or an SR in the symbol of the slot.
The mechanisms for dynamic indication to an IAB-DU of the availability of soft resources is provided with DCI format 2_5 [6]. An Availability Indication (AI) index field value in a DCI format 2_5 indicates to an IAB-DU a soft symbol availability in each slot for a number of slots starting from a slot where the IAB-node detects the DCI format 2_5. The number of slots is equal to or larger than a PDCCH monitoring periodicity for DCI format 2_5. Availability for a soft symbol in a slot is identified by one of 8 possible values from a look-up table, e.g., value 1 indicates that DL soft symbols are available for DU, but no indication is provided for UL and Flexible symbols.
The new DCI format 2_5 CRC is scrambled using AI-RNTI [9], which is different from the SFI-RNTI used in DCI format 2_0.  The size of DCI format 2_5 with CRC scrambled by AI-RNTI is configurable by higher layers up to [128] bits.
The RRC protocol is used to configure the radio interface between an IAB node and its parent node. The formats of corresponding RRC messages are described in the RAN2 CR [10] for TS 38.331.
An example of IAB time domain resource allocation in the TDD case is shown in Table 1. In practice, the slot configuration can be much more flexible and contain more flexible symbols. It is assumed that the parent and the child link slot formats are defined over F1 interface and can be different in the most general case. The availability of soft resources is defined dynamically either by scheduling grants to MT (then MT has a priority over DU) or with AIs. Finally, the use of the resources for access and backhaul in parent and child links is defined by parent IAB-DU and IAB-DU schedulers, correspondingly.
[bookmark: _Ref46400995]Table 1: An example of IAB time domain resource allocation for 3D1S1U UL-DL slot format.
	Slot format, parent link
	DDDDDDDDDDDDDD
	DDDDDDDDDDDDDD
	DDDDDDDDDDDDDD
	DDDDDDDDDDGGUU
	UUUUUUUUUUUUUU

	Slot format, child link
	DDDDDDDDDDDDDD
	UUUUUUUUUUUUU
	DDDDDDDDDDDDDD
	DDDDDDDDDDGGUU
	UUUUUUUUUUUUUU

	Slot category (H, S, NA)
	NNNNNNNNNNNNNN
	HHHHHHHHHHHHHH
	SSSSSSSSSSSSSS
	SSSSSSSSSSSSSSSSSS
	SSSSSSSSSSSSSS

	Soft resources availability indicator
	 
	 
	"111111111111111"
	"00000000000000"
	"22222222222222"

	MT state
	RX/Listen
	NA
	NA
	RX/Listen or TX/Silent
	NA

	DU state
	NA
	RX/Listen
	TX/Silent
	NA
	RX/Listen



[bookmark: _Ref47531141][bookmark: _Hlk47020493]DCI Format 2_5 has a minor difference to DCI Forma 1_0 from the demodulation point of view.
[bookmark: _Ref47531182]No additional PUCCH performance requirements need to be introduced for the new DCI Format 2_5 and AI-RNTI.
[bookmark: _Ref47531184]If the slot format, the availability of resources, and the utilization of guard symbols are clearly defined for IAB-MT and IAB-DU, then the resource allocation and multiplexing related changes in the RAN1 specifications shall not impact the demodulation performance.
[bookmark: _Ref47531186]There is no need to introduce new performance requirements for the new slot formats and symbol categories, assuming the availability of radio resources for IAB in the tests.
IAB node discovery and measurements
The fundamental paradigm of IAB-node discovery and measurement is that normal access UEs must not be affected by IAB discovery and measurements, hence:
· No muting of Synchronization Signal Burst (SSB) transmitted for access UEs should be introduced.
· UEs must not detect SSBs meant for inter-IAB node discovery and measurements, or not at least read the associated SIB1.
[bookmark: _Ref46496275]Figure 4: On-sync UE SSB raster and off-raster IAB SSB pattern.
SSBs on sync. raster for UEs
Off-raster SSBs for IAB
16 ms
SSB TX
SSB RX



Even though initially an IAB-parent or an IAB-donor can be discovered by an IAB-child in the Rel. 15 manner, the functioning IAB-node needs to send SSBs from the DU, but also measure SSBs from the other IAB-nodes using the IAB-MT, e.g., for handover (HO) purpose. This cannot be done with access UE SSBs due to the TDM half-duplex constraint.
Hence, the IAB-node discovery and measurements can be arranged as a two-stage process (Figure 4):
· Stage 1: Discovery for initial network access
· Detection of SSBs on the synchronization raster in Rel.15 manner
· IAB-MTs discover and access IAB donors via normal SSB procedure, using normal STC of 16 frames on SSB sync raster
· Stage 2: Discovery of and measurements on donors and other IAB-nodes for candidate connections by an active IAB-node
· Centrally allocated SSB TX/RX patterns allow inter-node discovery and measurements despite the half-duplex constraint of IAB nodes
· IAB SSB is offset to the normal UE raster, or outside normal UE SMTC.
For IAB node discovery and measurement, the maximum number of SSB-based Timing Configurations (STC) that can be configured for an IAB-DU is 4. Each STC is independently configured when multiple STCs are configured [5].
[bookmark: _Ref47531188]New SSB TX/RX patterns for IAB-node discovery and measurement shifted in time or with different periodicity have no impact on the PBSCH demodulation performance.
[bookmark: _Ref47531189]There is no need to introduce new performance requirements due to specification changes needed for IAB-node discovery and measurements.
Initial access between IAB-MT and IAB-node/donor
Once an IAB-MT has found a BS or an IAB-node, it may access it. This is done as part of the four-step random-access procedure.
There are several reasons behind the introduction of additional RACH for IAB: firstly, it is needed for the association of off-raster SSB time index with a specific random-access occasions (RO); secondly, IAB PRACH opportunities (PO) can be less frequent because IAB random-access is expected to be a rare occurrence; finally, IAB-specific RACH can be configured in a special way to support longer round-trip delay, i.e., to support longer distances between IAB-nodes.
Therefore, IAB supports the flexibility to configure POs with longer periodicities and different offset from the PRACH occasions available for access UEs to orthogonalize access and backhaul links, and time division multiplex backhaul RACH resources across adjacent hops [11].
The IAB-MT determines an association period for mapping SS/PBCH blocks to PRACH occasions based on a PRACH configuration period. An association pattern period includes one or more association periods and is determined so that a pattern between PRACH occasions and SS/PBCH blocks repeats at most every 640 msec.
The IAB backhaul POs reuse the release 15 RACH configurations. They are adapted for IAB by introducing additional parameters to scale the periodicity and offset when determining the location of the time-domain PRACH occasions [12].
The periodicity of a BH PRACH configuration is defined by  , where  is a periodocity scaling factor taking values in {1, 2, 4, 8, 16, 32, 64} subject to the constraint xIAB ≤ 64 and depending on RACH configuration period [5].
The frame containing backhaul POs is identified by yIAB = ((y + Δy) mod x) where , and  Δy denotes a time offset in frames given by high-layer paramter.
The subframe(s)/slot(s) containing IAB backhaul POs are given by (sn +Δs) mod L. Here, sn is the subframe/60 kHz slot number, Δs∈{0, 1,…, L−1} given by high-layer paramter, L is the number of subframes/60 kHz slots in a frame.
An example of the POs for an IAB PRACH configuration is shown in Figure 5.


[bookmark: _Ref45797333]Figure 5: Example of IAB BH POs, based on Rel 16 PRACH configuration with x = 1, y=0, sn={1,6}, δ =2, Δy = 1, and Δs=3.
[bookmark: _Ref47531192]No new random-access configurations are introduced. Longer periodicities or different offset has no impact on RACH demodulation performance.
[bookmark: _Ref47531194]There is no need to introduce new performance requirements due to specification changes supporting initial access between IAB-MT and IAB-parent.
Timing alignment
In IAB OTA synchronization, the legacy timing advance (TA) control loop from Rel-15 is used to set the IAB-MT UL timing.
The IAB-DU TX timing is to be synchronized with the parent node DL TX, hence in addition to the usual TA value, the parent node shall signal an additional timing offset (Tdelta) to the child IAB node:
	For IAB operation, in order to achieve time-domain synchronization across multiple backhaul hops, a timing adjustment Tdelta may be provided to an IAB node by its parent node. This parameter is applicable only to IAB nodes. The Timing Delta MAC CE carries Tdelta, mapped to an index value Tdelta.
Upon reception of a Timing Delta MAC CE the IAB node shall:
1>	apply the index value of Tdelta as specified in TS 38.213 [6].



The CR [5] specifies the time difference between a DU signal transmission and IAB-MT reception:
	If an IAB-node is provided an index  in a Timing Delta MAC CE [11, TS 38.321] from a serving cell, the IAB-node may assume that  is a time difference between a DU transmission of a signal from the serving cell and a reception of the signal by the IAB-MT when , where  is obtained as for a "UE" in Clause 4.2 for the TAG containing the serving cell and  and  are determined as
-	 and , if the serving cell providing the Timing Delta MAC CE operates in FR1, 
 -	 and , if the serving cell providing the Timing Delta MAC CE operates in FR2
The IAB-node may use the time difference to determine a DU transmission time.



The relationship of the various parameters can be summarized in the following figure [13], where the UL/DL timing for parent and child IAB-nodes is shown together:
[image: ]
Figure 6: RX/TX timing of the IAB node and the parent node.
Demodulation requirements commonly do not consider how parameters are calculated on higher layers, for example, how the TA or T_delta are calculated.
The existing requirement for UL timing adjustment could be envisioned, but the performance of the demodulation is not expected to differ because the existing test in 3GPP TS 38.104, Section 8.2.5, is created for the case when one of the UEs is moving at high speed.
The timing alignment of IAB-DU DL frames can be described by the cell phase synchronization accuracy. The maximum possible deviation in the frame start timing between any pair of cells on the same frequency is already limited in TS 38.133, Section 7.4, by the minimum requirement of 3 µs.
[bookmark: _Ref47531196][bookmark: _Hlk36396586]Assuming correct TA commands and absence of IAB-node mobility, the timing alignment related changes in the RAN1 specification do not directly impact the demodulation performance and are already coved in the existing requirements.
[bookmark: _Ref47531199]There is no need to introduce any new performance requirements for IAB timing alignment.
IAB-DU and IAB-MT physical layer features and capabilities
Based on the CR [14] for TS 38.306, the following clauses define the IAB-MT radio access capability parameters and mandatory features (Table 1). They are compliant with the new feature that were described above.
[bookmark: _Ref45881997]Table 2 IAB-MT physical layer parameters.
	Definitions for parameters
	Per
	M
	FDD-TDD DIFF
	FR1-FR2 DIFF

	dci-Format2-5
Indicates whether the IAB-MT supports monitoring of DCI Format 2_5 scrambled by AI-RNTI for indication of soft resource availability to an IAB node.
	IAB-MT
	No
	No
	No

	discoveryAndMeas
Indicates whether the IAB-MT supports measurement timing configuration for SS corresponding to IAB-MT.
	IAB-MT
	No
	No
	No

	dynamicUlFlexibleDlSlotFormat
Indicates whether the MT supports dynamic indication of TDD UL/DL configuration.
	IAB-MT
	No
	No
	No

	guardSymbols
Indicates whether the IAB-MT supports reception of Provided Guard Symbol MAC CE and transmission of Desired Guard Symbol MAC CE see TS 38.321 [8].
	IAB-MT
	No
	No
	No

	ota-TimingAlignment
Indicates whether the IAB-MT supports reception of Timing Delta MAC CE see TS 38.321 [8].
	IAB-MT
	No
	No
	No

	rach-MT
Indicates whether the IAB-MT supports random access parameters for IAB.
	IAB-MT
	No
	No
	No

	semiStaticUlFlexibleDlSlotFormat
Indicates whether the MT supports semistatic TDD UL/DL configuration.
	IAB-MT
	No
	No
	No



The following RAN WG1 features apply to the IAB-DU, as listed in the LS from RAN WG1 to RAN WG 3 [15]:
	•	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.



[bookmark: _Ref47531202]All the specification changes overviewed in the sections above are reflected in the new IAN-MT physical layer parameters and capabilities and in IAB-DU list of features.
IAB use cases and deployment scenarios
In this section, we overview the use-cases and deployment scenarios that were identified in the IAB SI TR [3]:
· Relay deployment scenario:
IAB should enable very dense deployment of NR cells without densifying the transport network proportionately. A diverse range of deployment scenarios can be envisioned, including support for outdoor small cell deployments, and indoors.
· In-band and out-of-band backhaul:
In-band backhauling includes scenarios where access- and backhaul link at least partially overlap in frequency, creating half-duplexing or interference constraints, which imply that the IAB-node cannot transmit and receive simultaneously on both links. In the present context, out-of-band scenarios are understood as not posing such constraints.
· Access/backhaul RAT options:
IAB can support access and backhaul in the above-6GHz- and sub-6GHz spectrum.
· Standalone and non-standalone deployments
The IAB-node itself can operate in SA or NSA mode. While SA and NSA scenarios are included in the study, backhauling over the LTE radio interface is excluded from the study.
Additionally, in the IAB SI TR the following architecture requirements as listed: multi-hop backhauling, topology adaptation, and network synchronization.
In general, implementation of IAB technology is targeting the following goals:
· Reduced TCO for deployments with a high density of NR cells
· Rapid deployment of NR
· Improved coverage in the areas with light load
· Capacity improvements without additional sites with fiber connection
[bookmark: _Hlk47447169]In the case of fixed IAB-nodes considered in Rel. 16, two principal deployments are envisioned (Figure 7):
· Outdoor high site to street site scenario, where IAB-Donors are located on the top of the building, and IAB-nodes are lower, e.g. integrated into the light posts.
· Outdoor street site to street site scenario, when both IAB Donors and IAB nodes are on the same level and are distributed over the streets.
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[bookmark: _Ref46766793]Figure 7: Principal IAB deployments.
[bookmark: _Hlk47447423]Few additional scenarios for IAB include
· Outdoor to indoor scenario, when an IAB Donor is paced outside of the building and IAB nodes are inside.
· Indoor scenario, when both IAB donor and IAB nodes are located inside the building.
[bookmark: _Hlk47447452]As it can be seen from the presented IAB scenarios, the deployment conditions of IAB-nodes are different from the traditional RAN scenarios, at least in the following aspects:
· Very deterministic and predictable behavior of the MT, when compared to UE.
· [bookmark: _Hlk47447629]Principally LOS deployment of BH links.
· Very little beam management.
· Reduced need for dynamic resource allocation.
[bookmark: _Ref47531365]IAB specification changes have minor overall perfromance impact. However, IAB-node deployment conditions are different from the traditional RAN scenarios. In general, they are much more predictable and can be exploited with less dynamic resource allocations. The main challenge is the load balancing between access UEs and BH.
[bookmark: _Ref47531366][bookmark: _Hlk46909131]RAN4 to consider if IAB-node performance requirements can be simplified and reduced in scope because of the dedicated focus of IAB scenarios and deployments in comparison to traditional RAN scenarios.
Conclusion
In this contribution, we have provided an overview of IAB-related features and scenarios with a potential impact on the IAB-node demodulation performance. We have made the following proposals and observations:

The observations and proposals related to IAB WI and architecture:
1. IAB technology is transparent for access UEs and should not have any impact on the physical layer performance.
1. Limit the scope of IAB Demod only to BH links. Demodulation performance requirements for the Access links of an IAB-node can be left the same as existing BS and UE demodulation performance requirements.
WID necessitates to define only the demodulation performance requirements of an IAB-node.
Focus primarily on demodulation performance requirements for IAB-nodes, excluding the IAB-donor DU, CU, and CSI reporting requirements.
IAB-nodes, including DU and MT parts, belong to the infrastructure in general and correspond to BS, or BS-like, devices.
RAN4 to handle all demodulation requirements together in an IAB demodulation agenda item, to not impose an artificial separation within a single system.
There is no specification defined for the IAB demodulation pefromance test.
[bookmark: _GoBack]
The observations and proposals based on the IAB specification changes:
DCI Format 2_5 has a minor difference to DCI Forma 1_0 from the demodulation point of view.
No additional PUCCH performance requirements need to be introduced for the new DCI Format 2_5 and AI-RNTI.
If the slot format, the availability of resources, and the utilization of guard symbols are clearly defined for IAB-MT and IAB-DU, then the resource allocation and multiplexing related changes in the RAN1 specifications shall not impact the demodulation performance.
There is no need to introduce new performance requirements for the new slot formats and symbol categories, assuming the availability of radio resources for IAB in the tests.
New SSB TX/RX patterns for IAB-node discovery and measurement shifted in time or with different periodicity have no impact on the PBSCH demodulation performance.
There is no need to introduce new performance requirements due to specification changes needed for IAB-node discovery and measurements.
No new random-access configurations are introduced. Longer periodicities or different offset has no impact on RACH demodulation performance.
There is no need to introduce new performance requirements due to specification changes supporting initial access between IAB-MT and IAB-parent.
Assuming correct TA commands and absence of IAB-node mobility, the timing alignment related changes in the RAN1 specification do not directly impact the demodulation performance and are already coved in the existing requirements.
There is no need to introduce any new performance requirements for IAB timing alignment.
All the specification changes overviewed in the sections above are reflected in the new IAN-MT physical layer parameters and capabilities and in IAB-DU list of features.

 The observations and proposals based on the IAB deployment scenarios:
IAB specification changes have minor overall perfromance impact. However, IAB-node deployment conditions are different from the traditional RAN scenarios. In general, they are much more predictable and can be exploited with less dynamic resource allocations. The main challenge is the load balancing between access UEs and BH.
RAN4 to consider if IAB-node performance requirements can be simplified and reduced in scope because of the dedicated focus of IAB scenarios and deployments in comparison to traditional RAN scenarios.
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