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Introduction

RAN1 agreed the following with respect to frequency domain H/S/NA configuration:
	[bookmark: _Hlk118892901]Agreement (RAN1#106-e)
A Reference SCS is configured for frequency domain H/S/NA configuration.
Agreement (RAN1#108-e)
The start RB index of the first RB set for the Rel-17 IAB-DU HSNA resource configuration is the lowest index of RB of the IAB-DU cell


In this paper, we explain why the correction proposed in R3-226386 for the TS 38.473 is not needed:
Add the following text in the description of Number of RB Sets IE: “If NR Carrier List (9.3.1.137) is provided, the start RB index of the first RB set is the lowest index of the RB as indicated by the NR Carrier List IE for the SCS indicated in this RB Set Configuration IE of the IAB-DU cell.”.
Discussion

RAN1 agreed that the start RB index of the first RB set for the Rel-17 IAB-DU HSNA resource configuration is the lowest index of RB of the IAB-DU cell. The F1AP signalling for configuring RB sets needs to reflect this.
Observation 1: The start RB index of the first RB set in the configuration of an IAB-DU is the lowest index of RB of the IAB-DU cell.
IAB-DU cell configuration is contained in Served Cell Information IE, in clause 9.3.1.10 of TS 38.473. Table 1 lists the relevant parts of this IE. 

Table 1: Excerpt from clause 9.3.1.10 of TS 38.473 
	NR CGI
	M
	
	9.3.1.12
	
	-
	

	NR PCI
	M
	
	INTEGER (0..1007)
	Physical Cell ID
	-
	

	>TDD
	
	
	
	
	-
	

	>>TDD Info
	
	1
	
	
	-
	

	>>>NR FreqInfo
	M
	
	NR Frequency Info
9.3.1.17
	
	-
	

	>>>Transmission Bandwidth
	M
	
	Transmission Bandwidth
9.3.1.15
	
	-
	

	>>>Carrier List
	O
	
	NR Carrier List
9.3.1.137
	If included, the Transmission Bandwidth IE shall be ignored.
	YES
	ignore



All IEs below the NR PCI IE, including the Transmission Bandwidth and Carrier List IEs, pertain to the same IAB-DU cell. 
Observation 2: The configuration in clause 9.3.1.10 of TS 38.473, including the Transmission Bandwidth or NR Carrier List IEs pertain one and only one gNB-DU cell.
Clause 5.3 of TS 38.104 explains the relations between channel bandwidth, transmission bandwidth, and configuration(s) of numerologies. In TS 38.473, the cell configuration information of numerologies is provided either via Transmission Bandwidth IE (clause 9.3.1.15), or via NR Carrier List IE (9.3.1.137), in case of a single or multiple numerology multiplexed in an OFDM symbol, respectively.
Observation 3: The F1AP Transmission Bandwidth IE (clause 9.3.1.15) configures a single numerology to a single IAB-DU cell.
Observation 4: The F1AP NR Carrier List IE (clause 9.3.1.137) configures multiple numerologies to a single IAB-DU cell.
Since TS 38.300 clause 3.2 states that a numerology “corresponds to one subcarrier spacing in the frequency domain”, we use the terms numerology and SCS interchangeably.

2.1 IAB-DU cell configuration with one numerology
The TS 38.104, Figure 5.3.3-1, shows how an IAB-DU cell configuration with only one numerology is done. IE Transmission Bandwidth (9.3.1.15, Table 2) provides a numerology (IE NR SCS) and information about the transmission bandwidth (IE NRB). IE NRB is in units of resource blocks (in frequency always 12 times their SCS). Figure 1 illustrates the application of IEs NR SCS and NRB.
Table 2: IE Transmission Bandwidth, clause 9.3.1.15 of TS 38.473
	NR SCS
	M
	
	ENUMERATED (…)
	The values scs15, scs30, scs60, scs120, scs480 and scs960 corresponds to the sub carrier spacing in TS 38.104 [17].

	NRB
	M
	
	ENUMERATED (…)
	This IE is used to indicate the UL or DL transmission bandwidth expressed in units of resource blocks "NRB" (TS 38.104 [17]). The values nrb11, nrb18, etc. correspond to the number of resource blocks "NRB" 11, 18, etc.
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[bookmark: _Ref118822737]Figure 1: IAB-DU Cell configuration with one numerology by IE Transmission Bandwidth (9.3.1.15)

2.2 IAB-DU cell configuration with multiple numerologies

Figure 5.3.3-2 in TS 38.104, shows how an IAB-DU cell configuration is done when multiple numerologies are multiplexed in the same symbol. The F1AP NR Carrier List IE (clause 9.3.1.137, shown in Table 3 below) provides for each (what TS 38.473 calls a) SCS-specific carrier: a numerology (NR SCS IE), the offset between a reference point (Point A) and the lowest sub-carrier (Offset to Carrier IE), and the frequency extent of the configured numerology (Carrier Bandwidth IE).
Figure 2 illustrates the application of IEs NR SCS, Offset to Carrier, and Carrier Bandwidth.
Table 3: IE NR Carrier List, clause 9.3.1.137 of TS 38.473, “This IE indicates the SCS-specific carriers per TDD, per DL, per UL or per SUL of an NR cell.”
	>NR SCS
	M
	
	ENUMERATED (…)
	SCS for the corresponding carrier.

	>Offset to Carrier
	M
	
	INTEGER (0…)
	Offset in frequency domain between Point A (lowest subcarrier of common RB 0) and the lowest usable subcarrier on this carrier in number of PRBs (using the NR SCS IE defined for this carrier). The maximum value corresponds to 275×8−1. See TS 38.211 [33], clause 4.4.2.

	>Carrier Bandwidth
	M
	
	INTEGER (1…)
	Width of this carrier in number of PRBs (using the NR SCS IE defined for this carrier). See TS 38.211 [33], clause 4.4.2.
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[bookmark: _Ref118828800]Figure 2: IAB-DU Cell configuration with multiple (2) numerologies by NR Carrier List IE (9.3.1.137). The 1st ‘Offset to Carrier’ is assumed 0 and not shown.

2.3 The lowest index of RB of the IAB-DU cell

Figure 1 and Figure 2 depict how an IAB-DU cell is configured when either Transmission Bandwidth IE or NR Carrier List IE is provided.
As can be observed, regardless of which numerologies are configured for a cell, there is a lowest frequency resource. This lowest frequency is unique and determining the lowest index of RB of the IAB-DU cell. The numerology of this lowest RB might have an impact on the width of this lowest RB, but it has no impact on the fact that there is a lowest RB in a cell, which RB it is, and where it starts. Figure 3 illustrates the lowest index of RB of the IAB-DU for both cases of when an IAB-DU cell is configured with numerologies by Transmission Bandwidth IE or NR Carrier List IE. The RB that starts the first RB set for the Rel-17 IAB-DU HSNA resource configuration is indicated in red (depicted as RB 0).
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[bookmark: _Ref118887382]Figure 3: Location of the lowest RB (in red) of the IAB-DU cell with one numerology (top) and for an IAB-DU cell with multiple numerologies (bottom)
Observation 5: Regardless of which numerologies are configured for a cell, there is a unique lowest frequency resource, determining the lowest index of RB of the IAB-DU cell.
Observation 6: The lowest index of RB of the IAB-DU cell depends neither on whether a cell is configured via the NR Carrier List IE, nor on the actual configuration of numerologies itself.

2.4 On the Use of the Reference SCS in the RB Set Configuration
The description for the Subcarrier Spacing IE in clause 9.3.230 of TS 38.473, states that “Subcarrier spacing used as reference for the RB set configuration” (Table 4).
[bookmark: _Ref118896950]Table 4: Excerpt from IE RB Set Configuration, clause 9.3.1.230 of TS 38.473 
	Subcarrier Spacing
	M
	
	ENUMERATED (kHz15, kHz30, kHz60, kHz120, kHz240, spare3, spare2, spare1, …)
	Subcarrier spacing used as reference for the RB set configuration.



This subcarrier spacing is used as the frequency unit (in kHz, represented in configurable SCS units) for the configuration of RB sets. It is not required that this SCS is used for scheduling resources of creating OFDM symbols for transmission to/from UEs. For example, an IAB-DU cell can be configured to transmit OFDM symbols based on an SCS of 15kHz.
However, RB sets – for HSNA frequency domain configuration – can be configured assuming RBs based on a reference SCS of 30, 60 or even 120kHz.
This is completely in line with the resource configuration of the cells served by an IAB-DU, i.e., the TDD/FDD resource parameters for each activated cell (TS 38.473, 9.3.1.107). Table 5 provides an excerpt highlighting the relation of reference SCS and the meaning of what is a number of DL symbols. For the configuration of transmission symbols, a time unit is required. This time unit is expressed by the reference SCS equivalent to a reference OFDM symbols duration. It is probably very good practice to configure such reference SCS for TDD configuration to the one used for actual OFDM symbol transmission, if only one numerology is configured (e.g., IE Transmission Bandwidth). However, the need for a reference time unit/reference SCS for TDD configuration becomes evident if a cell is configured with multiple numerologies that are multiplexed into the same OFDM symbol with a single common OFDM symbols duration. A TDD configuration is not done per numerology but for a cell – otherwise a cell cannot have a single common OFDM symbols duration.
Observation 7: A TDD configuration is done per cell using a reference SCS.
Observation 8: An RB set configuration is done per cell using a reference SCS.


Table 5: Excerpt from IE gNB-DU Cell Resource Configuration, clause 9.3.1.107 of TS 38.473
	Subcarrier Spacing
	M
	
	ENUMERATED (kHz15, kHz30, kHz60, kHz120, kHz240, spare3, spare2, spare1, …)
	Subcarrier spacing used as reference for the TDD/FDD slot configuration.
	YES
	reject

	DUF Slot Configuration List
	
	0..1
	
	
	
	

	>DUF Slot Configuration Item
	
	1..<maxnoofDUFSlots>
	
	The maxNrofSlots in TS 38.331 [8].
	-
	

	>>CHOICE DUF Slot Configuration
	M
	
	
	
	-
	

	>>>Explicit Format
	
	
	
	
	-
	

	>>>>Number of Downlink Symbols
	O
	
	INTEGER (0..14)
	
	-
	

	>>>>Number of Uplink Symbols
	O
	
	INTEGER (0..14)
	
	-
	



Figure 4 illustrates the configuration of RB sets assuming RB set reference SCS (9.3.1.230) four times a common OFDM symbol SCS (9.3.1.15) and RB Set size (9.3.1.230) of RB2 (2). Example combination of SCS could be a 30kHz OFDM symbol SCS and 120kHz RB set configuration reference SCS.
[image: ]
[bookmark: _Ref118900654]Figure 4: RB set configuration with RB set reference SCS (9.3.1.230) four times a common OFDM symbol SCS (9.3.1.15) and RB Set size (9.3.1.230) of RB2 (2).

The start RB index of the first RB set is the lowest index of RB of the IAB-DU cell, and it uniquely determines the start of an RB set configuration in frequency domain. When the NR Carrier List configuration is not present, it has no impact on the question of what the RB of the IAB-DU cell with the lowest index is.
Proposal 1: No enhancement is needed for the F1AP RB Set Configuration IE, since the current IE description is clear.
Proposal 2: If there is no consensus in RAN3 with respect to the above agreements and observations, send an LS to RAN1 asking for clarification.

Conclusion
This paper replies on why no enhancement is needed for RB Set configuration. The following is observed and proposed:
Observation 1: The start RB index of the first RB set in the configuration of an IAB-DU is the lowest index of RB of the IAB-DU cell.
Observation 2: The configuration in clause 9.3.1.10 of TS 38.473, including the Transmission Bandwidth or NR Carrier List IEs pertain one and only one gNB-DU cell.
Observation 3: The F1AP Transmission Bandwidth IE (clause 9.3.1.15) configures a single numerology to a single IAB-DU cell.
Observation 4: The F1AP NR Carrier List IE (clause 9.3.1.137) configures multiple numerologies to a single IAB-DU cell.
Observation 5: Regardless of which numerologies are configured for a cell, there is a unique lowest frequency resource, determining the lowest index of RB of the IAB-DU cell.
Observation 6: The lowest index of RB of the IAB-DU cell depends neither on whether a cell is configured via the NR Carrier List IE, nor on the actual configuration of numerologies itself.
Observation 7: A TDD configuration is done per cell using a reference SCS.
Observation 8: An RB set configuration is done per cell using a reference SCS.
Proposal 1: No enhancement is needed for the F1AP RB Set Configuration IE, since the current IE description is clear.
Proposal 2: If there is no consensus in RAN3 with respect to the above agreements and observations, send an LS to RAN1 asking for clarification.

Appendix – DRAFT LS to RAN1

3GPP TSG-RAN WG3 Meeting #118	R3-22xxxx
Toulouse, France, November 14th – 18th 2022

Title:	[Draft] LS on IAB resource multiplexing
Response to:	
Release:	Release 17
Work Item:	NR_IAB_enh-Core

Source:	Ericsson (will be RAN3)
To:	RAN1
Cc:	

Contact Person:	
Name: 	Filip Barac
E-mail Address:	filip [dot] barac [at] ericsson [dot] com


1. Overall Description:
RAN3 discussed on the specification impact of the start RB index of the first RB set for the Rel-17 IAB-DU HSNA resource configuration.

RAN3 could not agree on a common understanding in the meaning of “the lowest index of RB of the IAB-DU cell” in the RAN1 #108 agreement (and its dependency on the reference SCS for the configuration of frequency domain H/S/NA configuration (RAN1#106 agreement).
2. Actions:
RAN3 kindly asks RAN1 to provide clarification on the following:
How does RAN1 define “the start RB index of the first RB set” for the Rel-17 IAB-DU HSNA resource configuration?

3. Dates of Next TSG-RAN WG3 Meetings:
3GPP RAN3#119 		27 Feb - 03 March 2023	Athens, Greece
3GPP RAN3#119-bis-e 		17 Apr - 26 April 2023		Electronic Meeting
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