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1. Introduction
At the last RAN4 meeting (RAN4#94-E) some open technical issues [1] hindered the specification text to be captured in draft IAB-Node RF core specification TS 38.174. The remaining open issues are documented in a way-forward document [2]. 
At previous meetings technical background information relevant for radiated IAB-Node reference sensitivity requirement have been presented in [3, 4]. Following the RAN4 IAB WI schedule it is time to start to capture technical background information in the technical report to facilitate efficient requirement drafting of the technical specification (TS 38.174). 
In this contribution we summarize the technical background for IAB-Node reference sensitivity requirement with proposals to resolve open issues. At the end of this contribution draft specification text for OTA reference sensitivity is attached for information. 

2. Discussion
From a network perspective, the IAB-Node can be seen as a physical identity supporting two main logical identities or sub-functions; IAB-MT and IAB-DU. 
The sub-functions can be described as;
1. The access link, IAB-DU sub-function is responsible for transmit/receive in the child backhaul link or the access link. Where the downlink/uplink functionally can be exemplified as:
· Transmit downlink channels (e.g. PDSCH)
· Receive uplink channels (e.g. PUSCH)
2. The backhaul, IAB-MT sub-function is responsible for transmit/receive only in the parent backhaul link. Where the downlink/uplink functionally can be exemplified as:
· Transmit uplink channels (e.g. PUSCH)
· Receives downlink channels (e.g. PDSCH) 
The receiver sub-function identities can be implemented in one common physical radio design or in two individual radio designs, both complying to a common implementation neutral IAB-Node RF core specification (TS 38.174). 
Traditionally, the RF core specifications for UE and BS have been divided into transmitter requirements and receiver requirements. For the IAB-Node, the specification structure needs to be enhanced to account for multiple receiver requirements due to the fact that the IAB-Node receiver operates with two different types of signals. Unlike the BS receiver, the IAB-Node receiver has the capability to receive two types of signals, as visualised in red in Figure 2-1.
[image: ]
Figure 2-1: The IAB-Node receiver
From the previous discussions regarding reference sensitivity it was concluded to use the NR OTA BS approach as a base line for developing reference sensitivity requirements for the IAB-Node.
The driving factor behind the decision was that the NR OTA BS receiver requirements are designed to include the OTA sensitivity with a declared spatial region for which the BS is intended to operate and provide coverage within. This concept includes the array antenna performance essential for the IAB-Node function. For an IAB-Node the spatial characteristics is vital since the array excitation and consequently the radiation pattern will be different between access link transmissions and backhaul link transmission to optimize coverage. 
The status from last meeting is captured in [1, 2] and summarized in Table 2-1.
Table 2-1: Current status
	Sensitivity requirement
	Decision
	Open issues

	IAB-DU
	Reuse OTA reference sensitivity requirement
	

	IAB-MT
	For FR2 IAB-MT reuse BS type 2-O requirement concept 
The EIS declaration is independent of IAB-DU declaration

	For FR2 decide if multiple declaration ranges are needed for different IAB-Node classes.
For FR1 details are FFS
The FRC for IAB-MT is FFS



For an IAB-Node the antenna array characteristics are essential to be able to provide access coverage as well as providing backhaul transmission. Since the reference sensitivity requirement is used as foundation for other uplink requirements the design of the reference sensitivity requirement should account for that. 
The FR2 BS requirement was designed to include the array antenna characteristics. To be implementation neutral the requirement is based on a declaration of the OTA sensitivity level within a declared spatial angular range, referred to as OTA REFSENS RoAoA. The spatial angular region is defined as the Range of Angles of Arrival (RoAoA) determined by the contour defined by the points at which the achieved EIS is 3 dB higher than the achieved EIS in the reference direction. In practice the contour will be related to the average element/sub-array radiation pattern 3dB beam-width(s).
The OTA sensitivity level is defined as an EIS level corresponding to 95% link throughput for a defined Fixed Reference Channel (FRC). 

Proposal 1:
Dedicated FRC signals are required for IAB-DU and IAB-MT.

The EIS value declared by the vendor is mapped towards the class as described in Table 2-1. 
Table 2-1: EIS declaration ranges 
	Class

	EISREFSENS_50M range
(dBm)

	Wide Area
	-96 to -119

	Medium Range
	-91 to -114

	Local Area
	-86 to -109



Since the intension with the RF core specification is to be implementation neutral and the IAB receiver is constituted by two identities it is reasonable to define the receiver sensitivity requirement is such a way that the EIS for IAB-DU and EIS for IAB-MT is declared independently within the same range. 

Proposal 2:
The EIS for IAB-DU and IAB-MT are declared independently.

Proposal 3:
For wide-area IAB-Node use the declaration range -96 to -119 dBm for IAB-DU and IAB-MT.

Proposal 3:
For the case with a common hardware implementation, equivalence between IAB-MT and IAB-DU reference sensitivity can be declared. 

The OTA reference sensitivity requirement is defined slightly different for FR1 and FR2. The difference is summarized as;
· For FR1 the requirement level is derived from conducted requirements applying a OTA transformation factor
· For FR2 the requirement level is declared. 
It is therefore suggested to separate FR1 and FR2 is two subclauses in the requirement specification. 

Proposal 4:
Change structure according to attached draft to support FR1 and FR2 OTA requirements.

3. Conclusion
In this contribution we have summarized the status for OTA reference sensitivity. For open issues solutions have been presented to facilitate specification text drafting.
At the end of this contribution draft specification text relevant for OTA reference sensitivity is attached for information  
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10	Radiated receiver characteristics
10.1	General
Radiated receiver characteristics are specified at RIB for IAB-Node type 1-H, IAB-Node type 1-O, or IAB-Node type 2-O, with full complement of transceivers for the configuration in normal operating condition.
Unless otherwise stated, the following arrangements apply for the radiated receiver characteristics requirements in clause 10:
-	Requirements apply during the IAB-Node receive period.
-	Requirements shall be met for any transmitter setting.
-	Throughput requirements defined for the radiated receiver characteristics do not assume HARQ retransmissions.
-	When the IAB-Node is configured to receive multiple carriers, all the throughput requirements are applicable for each received carrier.
-	For ACS, blocking and intermodulation characteristics, the negative offsets of the interfering signal apply relative to the lower Base Station RF Bandwidth edge or sub-block edge inside a sub-block gap, and the positive offsets of the interfering signal apply relative to the upper Base Station RF Bandwidth edge or sub-block edge inside a sub-block gap.
-	Each requirement shall be met over the RoAoA specified.
NOTE:	In normal operating condition the IAB-Node in TDD operation is configured to TX OFF power during receive period.
For IAB-Node type 1-O, requirements which are to be met over the OTA REFSENS RoAoA absolute requirement values are offset by the following term:
	ΔOTAREFSENS = 44.1 - 10*log10(BeWθ,REFSENS*BeWφ,REFSENS) dB for the reference direction
and
	ΔOTAREFSENS = 41.1 - 10*log10(BeWθ,REFSENS*BeWφ,REFSENS) dB for all other directions
For requirements which are to be met over the minSENS RoAoA absolute requirement values are offset by the following term:
	ΔminSENS = PREFSENS – EISminSENS (dB)
For IAB-Node 2-O, requirements which are to be met over the OTA REFSENS RoAoA absolute requirement values are offset by the following term:
	ΔFR2_REFSENS = -3 dB for the reference direction
and
	ΔFR2_REFSENS = 0 dB for all other directions


10.2	OTA sensitivity

10.2.1 IAB-DU OTA sensitivity
Detailed structure of the subclause is TBD.

10.2.2 IAB-MT OTA sensitivity
Detailed structure of the subclause is TBD.

10.3	OTA reference sensitivity level
[bookmark: _Toc21127706]10.3.1	General
The OTA REFSENS requirement is a directional requirement and is intended to ensure the minimum OTA reference sensitivity level for a declared OTA REFSENS RoAoA. The OTA reference sensitivity power level EISREFSENS is the minimum mean power received at the RIB at which a reference performance requirement shall be met for a specified reference measurement channel.
The OTA REFSENS requirement shall apply to each supported polarization, under the assumption of polarization match.
10.3.2 FR1 OTA reference sensitivity level
Detailed structure of the subclause is TBD.

10.3.3 FR2 OTA reference sensitivity level
The throughput shall be ≥ 95% of the maximum throughput of the reference measurement channel as specified in table 10.3.3-1 and table 10.3.3-2 when the OTA test signal is at the corresponding EISREFSENS level and arrives from any direction within the OTA REFSENS RoAoA.
EISREFSENS levels are derived from a single declared basis level EISREFSENS_50M, which is based on a reference measurement channel with 50 MHZ IAB-Node channel bandwidth. EISREFSENS_50M itself is not a requirement and although it is based on a reference measurement channel with 50 MHz IAB-Node channel bandwidth it does not imply that the IAB-Node has to support 50 MHz IAB-Node channel bandwidth.
For wide area IAB-Node, EISREFSENS_50M is an integer value in the range -96 to -119 dBm. The specific value is declared by the vendor.
For medium range IAB-Node, EISREFSENS_50M is an integer value in the range [-91 to -114] dBm. The specific value is declared by the vendor.
For local area IAB-Node, EISREFSENS_50M is an integer value in the range [-86- to -109] dBm. The specific value is declared by the vendor.
The IAB-DU EIS level and IAB-MT EIS level can be declared independently. 
Table 10.3.3-1: IAB-DU reference sensitivity requirement 
	Channel bandwidth 
(MHz)
	Sub-carrier spacing
(kHz)
	FRC
	EISREFSENS level
(dBm)

	50, 100, 200
	60 
	G-FR2-A1-1
	EISREFSENS_50M + ΔFR2_REFSENS

	50
	120
	G-FR2-A1-2
	EISREFSENS_50M + ΔFR2_REFSENS

	100, 200, 400
	120
	G-FR2-A1-3
	EISREFSENS_50M + 3 + ΔFR2_REFSENS

	NOTE 1:	EISREFSENS is the power level of a single instance of the reference measurement channel. This requirement shall be met for each consecutive application of a single instance of the reference measurement channel mapped to disjoint frequency ranges with a width corresponding to the number of resource blocks of the reference measurement channel each, except for one instance that might overlap one other instance to cover the full IAB-Node channel bandwidth.
NOTE 2:	The declared EISREFSENS_50M shall be within the range specified above.
NOTE 3:   The FRCs are defined in [TBD] 



Table 10.3.3-2: IAB-MT reference sensitivity requirement 
	Channel bandwidth 
(MHz)
	Sub-carrier spacing
(kHz)
	FRC
	EISREFSENS level
(dBm)

	50, 100, 200, 400
	60
	G-FR2-[TBD]
	EISREFSENS_50M + ΔFR2_REFSENS

	50, 100, 200, 400
	120
	G-FR2-[TBD]
	EISREFSENS_50M + ΔFR2_REFSENS

	NOTE 1:	The declared EISREFSENS_50M shall be within the range specified above.
NOTE 2:   The FRCs are defined in [TBD]
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