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1 Introduction

During recent months, work on IAB RF and RRM core requirements has proceeded in RAN4 where REFSENS for IAB-MT are still to be defined. In this contribution, we provide our proposals for REFSENS FRC and REFSENS requirement for IAB-MT. Simulation results of the proposed RFCs are also presented within.
2 Description
In [6], it is agreed on the FRC to be used for IAB-MT as below:

· Selected UE FRC can be for IAB-MT based the same criteria as BS
Before the discussion on the how the FRC should be designed for IAB-MT,  the UE and BS FRC is compared below.
UE core requirements are based on FRCs that assume FDD or a certain TDD slot pattern. Furthermore, the 15kHz SCS is tied to the FDD requirements and the 30kHz SCS tied to the TDD requirements.

In rel-16, the IAB-MT will receive from the parent during downlink slots, and the IAB-DU will transmit to UEs that it serves during downlink slots. Simultaneous DU/MT transmission is not specified in rel-16. This means that downlink slots need to be divided between opportunities for the IAB-DU to transmit and opportunities for the IAB-MT to receive. If the network uses ‘DDDSU’, for example, the TDD DL pattern could be ‘DDDSU’, ‘DDXSU’, or ‘DXXSU’, according to the configuration, where ‘X’ means no DL transmission since it is used for IAB-DU transmission. From the IAB-MT perspective, the TDD pattern depends on when the IAB-MT will receive and transmit, which is a proprietary configuration of the operator dependent on the configuration. There are thus a large number of potential IAB-MT RX slot configurations.

Observation 1: There are potentially a large number of IAB-MT RX slot configurations.

UE FRCs for the performance requirements are tied to a specific TDD pattern. This differs from the BS approach, in which FRCs are defined on a slot basis and are applicable for any TDD slot configuration and for FDD. For the IAB-MT, since the number of variations of RX slot configuration could be large, it would be appropriate to decouple the FRC from the slot configuration by specifying slot based FRCs in a manner similar to the BS specs.

Proposal 1: Specify IAB-MT FRCs using the BS spec approach (i.e. single slot FRCs that are applicable for any TDD pattern).

Another aspect of UE FRCs, all SCS/BW combinations are considered, if the same amount of SCS/BW combinations are applied for IAB-MT, it is this will generate a significant amount of work on simulations and results alignment. From the previous results, it was shown that the decency of SNR values on BW is insignificantly. Furthermore, in BS REFSENS requirements, the number of FRCs is limited to the strict minimum. It would be appropriate to apply SCS/BW combinations for BS REFSENS FRCs to IAB-MT FRCs. Also, the FRCs could be further limited to full PRBs allocated test cases as that for UE REFSENS SNR requirements.

Proposal 2: Consider only the BS REFSENS’ SCS/BW combinations for IAB-MT.
Furthermore, for FR1 there will not be any FDD requirements for rel-16 IAB-MT. It could thus be discussed further whether there is any need to provide REFSENS requirements for the 15kHz SCS.

Proposal 3: No need for FDD requirements; potentially no need for 15kHz SCS requirements for FR1.
During the core WI, two categories of IAB have been identified, called “wide area” IAB and “local area” IAB. These two categories represent very different kinds of IAB hardware architecture (and deployment scenarios). In hardware terms, a wide area IAB is similar to a basestation whereas a local area IAB is more similar to a UE than a basestation.
From the REFSENS SNR point of view, it is purely the measure of SNR value for which the IAB-MT reach 95% throughput under AWGN condition and should not be impacted by different hardware implementations. Thus, there should be no difference in the REFSENS requirements between different IAB-MT categories and is not necessary to differentiate the IAB-MT requirements for the wide area and local area IAB classes.
Proposal 4: Not necessary to differentiate REFSENS SNR requirements between the wide area class and local area class.
Based on the above discussions and proposals, we summarize our proposal for the test configurations and REFSESN FRCs in Table 1, Table 2 and Table 3.
Note that IABs are not moving in Rel-16, TRS transmissions may not be necessary. Furthermore, a trigger signal might be provided from a test equipment to IAB-MT for frame synchronization as the same as BS demod test setup. Therefore, the SSB signals and TRS signals could be potentially omitted if the test scenarios and/or test setups allow.
Proposal 5:  Optional TRS and SSB transmissions.

Proposal 6:  FRC configuration for IAB-MT as Table 2 and Table 3.
Table 1: Common IAB-MT reference channel parameters (adapted from FR1 in [1] and FR2 in [2]).
	Parameter
	Unit
	FR1 - Value
	FR2 - Value

	CORESET frequency domain allocation
	
	Full BW
	Full BW

	CORESET time domain allocation
	
	2 OFDM symbols at the begin of each slot
	2 OFDM symbols at the begin of each slot

	PDSCH mapping type
	
	Type A
	Type A

	PDSCH start symbol index (S)
	
	2
	2

	Number of consecutive PDSCH symbols (L)
	
	12
	12

	PDSCH PRB bundling
	PRBs
	2
	2

	Dynamic PRB bundling
	
	false
	false

	MCS table for TBS determination
	
	64QAM
	64QAM

	Overhead value for TBS determination
	
	0
	0

	First DMRS position for Type A PDSCH mapping
	
	2
	2

	DMRS type
	
	Type 1
	Type 1

	Number of additional DMRS
	
	2
	2

	FDM between DMRS and PDSCH
	
	Disable
	Disable

	Maximum number of HARQ transmissions
	
	1
	1

	TRS configuration (Optional) (Note 1)
	
	2 slots, periodicity 10 ms
	2 slots, periodicity 20 ms

	CSI-RS for tracking

(Optional)
	OFDM symbols in the PRB used for CSI-RS
	
	l0 = 6 for CSI-RS resource 1 and 3
l0 = 10 for CSI-RS resource 2 and 4
	l0 = 8 for CSI-RS resource 1
l0 = 12 for CSI-RS resource 2

	
	CSI-RS periodicity
	Slots
	15 kHz SCS: 10 for CSI-RS resource 1,2,3,4

30 kHz SCS: 20 for CSI-RS resource 1,2,3,4

60 kHz SCS: 40 for CSI-RS resource 1,2,3,4
	60 kHz SCS: 80 for CSI-RS resources 1 and 2
120 kHz SCS: 160 for CSI-RS resources 1 and 2

	
	CSI-RS offset
	Slots
	15 kHz SCS:

0 for CSI-RS resource 1 and 2

1 for CSI-RS resource 3 and 4

30 kHz SCS:

1 for CSI-RS resource 1 and 2

2 for CSI-RS resource 3 and 4

60 kHz SCS:

2 for CSI-RS resource 1 and 2

3 for CSI-RS resource 3 and 4
	60 kHz SCS: 40 for CSI-RS resources 1 and 2
120kHz SCS: 80 for CSI-RS resources 1 and 2

	SSB/PBCH block (Optional) (Note 1)
	
	slot#0 with periodicity 10 ms.
	slot#0 with periodicity 20 ms.

	PTRS configuration
	
	PTRS is not configured
	PTRS is not configured

	NOTE 1:   No PDSCH transmissions in the slots that are configured for SS/PBCH and/or TRS transmissions.


Table 2: FRC parameters for FR1 reference sensitivity level for IAB-MT.
	Reference channel
	G-FR1-Axx-1
	G-FR1-Axx-2
	G-FR1-Axx-3
	G-FR1-Axx-4
	G-FR1-Axx-5
	G-FR1-Axx-6

	Subcarrier spacing (kHz)
	15
	30
	60
	15
	30
	60

	Allocated resource blocks
	25
	11
	11
	106
	51
	24

	CP-OFDM Symbols per slot (Note 1)
	9
	9
	9
	9
	9
	9

	Modulation
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK

	Code rate (Note 2)
	1/3
	1/3
	1/3
	1/3
	1/3
	1/3

	Payload size (bits)
	1672
	736
	736
	6912
	3368
	1608

	Transport block CRC (bits)
	16
	16
	16
	24
	16
	16

	Code block CRC size (bits)
	-
	-
	-
	-
	-
	-

	Number of code blocks - C
	1
	1
	1
	1
	1
	1

	Code block size including CRC (bits) (Note 3)
	1688
	752
	752
	6936
	3384
	1624

	Total number of bits per slot
	5400
	2376
	2376
	22896
	11016
	5184

	Total symbols per slot
	2700
	1188
	1188
	11448
	5508
	2592

	NOTE 1:   DL-DMRS-config-type = 1 with DL-DMRS-max-len = 1, DL-DMRS-add-pos = pos2 with [image: image1.png]


= 2, [image: image2.png]


= 6 and 9 as per Table 7.4.1.1.2-3 of TS 38.211 [3].

NOTE 2:   MCS index 4 and target coding rate = 308/1024 are adopted to calculate payload size for receiver sensitivity and in-channel selectivity
NOTE 3:   Code block size including CRC (bits) equals to [image: image3.png]


 in sub-clause 5.2.2 of TS 38.212 [4].




Table 3: FRC parameters for FR2 reference sensitivity level for IAB-MT.
	Reference channel
	G-FR2-Axx-1
	G-FR2-Axx-2
	G-FR2-Axx-3

	Subcarrier spacing (kHz)
	60
	120
	120

	Allocated resource blocks
	66
	32
	66

	CP-OFDM Symbols per slot (Note 1)
	9
	9
	9

	Modulation
	QPSK
	QPSK
	QPSK

	Code rate (Note 2)
	1/3
	1/3
	1/3

	Payload size (bits)
	4224
	2088
	4224

	Transport block CRC (bits)
	24
	16
	24

	Code block CRC size (bits)
	-
	-
	-

	Number of code blocks - C
	1
	1
	1

	Code block size including CRC (bits) (Note 3)
	4248
	2104
	4248

	Total number of bits per slot
	14256
	6912
	14256

	Total symbols per slot
	7128
	3456
	7128

	NOTE 1:   DM-RS configuration type = 1 with DM-RS duration = single-symbol DM-RS, additional DM-RS position = pos2 with l0 = 2, l = 6 and 9 as per Table 7.4.1.1.2-3 of TS 38.211 [3].
NOTE 2:   MCS index 4 and target coding rate = 308/1024 are adopted to calculate payload size.
NOTE 3:   Code block size including CRC (bits) equals to K' in sub-clause 5.2.2 of TS 38.212 [4].


	NOTE 1:   DM-RS configuration type = 1 with DM-RS duration = single-symbol DM-RS, additional DM-RS position = pos1 with l0 = 2, l = 11 as per table 6.4.1.1.3-3 of TS 38.211 [5].

NOTE 2:   MCS index 4 and target coding rate = 308/1024 are adopted to calculate payload size.
NOTE 3:   Code block size including CRC (bits) equals to K' in sub-clause 5.2.2 of TS 38.212 [15].


3 Simulation results
In this section, the FR1 and FR2 simulation results based on the proposed FRCs are provided in Table 4 and Table 5.

Table 4: Simulation results for FR1 REFSENS SNR.
	Reference channel
	G-FR1-Axx-1
	G-FR1-Axx-2
	G-FR1-Axx-3
	G-FR1-Axx-4
	G-FR1-Axx-5
	G-FR1-Axx-6

	CBW (MHz)
	5
	5
	10
	20
	20
	20

	SCS (kHz)
	15
	30
	60
	15
	30
	60

	PRB
	25
	11
	11
	106
	51
	24

	SNR
	-1.0
	-0.85
	-0.85
	-1.0
	-1.1
	-1.0


Table 5: Simulation results for FR2 REFSENS SNR.
	Reference channel
	G-FR2-Axx-1
	G-FR2-Axx-2
	G-FR2-Axx-3

	CBW (MHz)
	50
	50
	100

	SCS (kHz)
	60
	120
	120

	RB
	66
	32
	66

	SNR
	-1.0
	-1.0
	-1.0


Observation 2: SNR difference between different FRC is 0.15 dB for FR1 and 0 dB for FR2.
Proposal 6: Use SNR=-1 dB for both FR1 and FR2 FRC.

4 REFSENS requirement
4.1 Conducted reference sensitivity

The IAB-Node reference sensitivity requirement level is derived in dBm by the following expression:
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, where k is Boltzmanns constant equal to 1.38.10-23 J/K, T is the temperature in K, B is the noise bandwidth of the FRC, F is the noise figure, IM is the implementation margin and SNR is the required signal-to-noise ratio.

The temperature was set to 290 K, implementation margin, IM was to 2 dB and the other parameters was set according to [6]
· Reused from Local Area BS with NF =13dB, IM =2dB
And accong to [5]
· For Wide Area IAB-MT: Reuse FR1 BS NF 5dB and IM 2dBconducted REFSENS requirement with the same assumption of RX path and NF as BS
From the above parameters the reference sensitivity requirement can be defined as:

Table 5.1-1: NR Wide Area IAB-MT reference sensitivity levels

	IAB-MT channel bandwidth (MHz) 
	Sub-carrier spacing (kHz)
	Reference measurement channel
	 Reference sensitivity power level, PREFSENS
 (dBm)

	5, 10, 15 
	15
	G-FR1-Axx-1 (Note 1)
	 -101.7

	10, 15 
	30
	G-FR1-Axx-2 (Note 1)
	 -101.8

	10, 15
	60
	G-FR1-Axx-3 (Note 1)
	 -98.9

	20, 25, 30, 40, 50 
	15
	G-FR1-Axx-4 (Note 1)
	 -95.3

	20, 25, 30, 40, 50, 60, 70, 80, 90, 100 
	30
	G-FR1-Axx-5 (Note 1)
	 -95.6

	20, 25, 30, 40, 50, 60, 70, 80, 90, 100 
	60
	G-FR1-Axx-6 (Note 1)
	 -95.7

	NOTE 1:
PREFSENS 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-MT channel bandwidth.



Table 5.1-2: NR Local Area IAB-MT reference sensitivity levels

	IAB_MT channel bandwidth (MHz)
	Sub-carrier spacing (kHz)
	Reference measurement channel
	 Reference sensitivity power level, PREFSENS
 (dBm)

	5, 10, 15
	15
	G-FR1-Axx-1 (Note 1)
	 -93.7

	10, 15 
	30
	G-FR1-Axx-2 (Note 1)
	 -93.8

	10, 15
	60
	G-FR1-Axx-3 (Note 1)
	 -90.9

	20, 25, 30, 40, 50 
	15
	G-FR1-Axx-4 (Note 1)
	 -87.3

	20, 25, 30, 40, 50, 60, 70, 80, 90, 100 
	30
	G-FR1-Axx-5 (Note 1)
	 -87.6

	20, 25, 30, 40, 50, 60, 70, 80, 90, 100 
	60
	G-FR1-Axx-6 (Note 1)
	 -87.7

	NOTE 1:
PREFSENS 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-MT channel bandwidth.



4.2 OTA reference sensitivity

The OTA reference sensitivity is defined within a spatial angular range referred to as OTA REFSENS RoAoA, where the Range of Angel of Arrival (RoAoA) is determined by the contour defined by the points at which the achieved EIS sensitivity level is 3dB 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).

4.2.1 IAB type 1-O requirement 

For FR1 requirements which are to be met over the OTA REFSENS RoAoA absolute requirement values are offset by the following term:
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 dB for the reference direction

and
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The IAB-Node OTA reference sensitivity requirement level is derived in dBm by the following expression:
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, where PREFSENS is derived for the conducted requirement in subclause 5.1.

From the above parameters the OTA reference sensitivity requirement can be defined as:
Table 5.2.1-1: Wide Area IAB-MT reference sensitivity levels
	IAB-MT channel bandwidth (MHz)
	Sub-carrier spacing (kHz)
	Reference measurement channel
	OTA reference sensitivity level, EISREFSENS
(dBm)

	5, 10, 15
	15
	G-FR1-Axx-1
	-101.7 - ΔOTAREFSENS

	10, 15 
	30
	G-FR1-Axx-2
	-101.8 - ΔOTAREFSENS

	10, 15
	60
	G-FR1-Axx-3
	-98.9 - ΔOTAREFSENS

	20, 25, 30, 40, 50 
	15
	G-FR1-Axx-4
	-95.3 - ΔOTAREFSENS

	20, 25, 30, 40, 50, 60, 70, 80, 90, 100 
	30
	G-FR1-Axx-5
	-95.6 - ΔOTAREFSENS

	20, 25, 30, 40, 50, 60, 70, 80, 90, 100 
	60
	G-FR1-Axx-6
	-95.7 - ΔOTAREFSENS

	NOTE:
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-MT channel bandwidth.


Table 5.2.1-2: Local Area IAB-MT reference sensitivity levels

	IAB-MT channel bandwidth (MHz)
	Sub-carrier spacing (kHz)
	Reference measurement channel
	 OTA reference sensitivity level, EISREFSENS
(dBm)

	5, 10, 15
	15
	G-FR1-Axx-1
	-93.7 - ΔOTAREFSENS

	10, 15 
	30
	G-FR1-Axx-2
	-93.8 - ΔOTAREFSENS

	10, 15
	60
	G-FR1-Axx-3
	-90.9 - ΔOTAREFSENS

	20, 25, 30, 40, 50 
	15
	G-FR1-Axx-4
	-87.3 - ΔOTAREFSENS

	20, 25, 30, 40, 50, 60, 70, 80, 90, 100 
	30
	G-FR1-Axx-5
	-87.6 - ΔOTAREFSENS

	20, 25, 30, 40, 50, 60, 70, 80, 90, 100 
	60
	G-FR1-Axx-6
	-87.7 - ΔOTAREFSENS

	NOTE:
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-MT channel bandwidth.


The throughput shall be ≥ 95% of the maximum throughput of the reference measurement channel as specified in the corresponding tables when the OTA test signal is at the corresponding EISREFSENS level and arrives from any direction within the OTA REFSENS RoAoA.
4.2.2 IAB-MT type 2-O requirement 
The OTA sensitivity requirement is defined in an angular region called OTA REFSENS RoAoA. The OTA REFSENS RoAoA defines the angular region over which the EISREFSENS value is fulfilled. 

For FR2 requirements which are to be met over the OTA REFSENS RoAoA absolute requirement values are offset by the following term:
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In order to allow for base station implementations suitable for different deployment scenarios a range of antenna gain is identified for each BS class. This range of antenna gain can then be used along with the implementation margin and SINR requirements to calculate a range of potential minimum EIS values. The vendor declares the OTA reference sensitivity within this range, depending on their view on the needed array size considering the propagation scenarios under which they expect their BS to operate.

The sensitivity level can be expressed in dBm as:
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, where k is Boltzmanns constant equal to 1.38.10-23 J/K, T is the temperature in K, B is the noise bandwidth of the FRC, F is the noise figure, IM is the implementation margin, SNR is the required signal-to-noise ratio and G is the antenna gain.

The declared reference sensitivity value is per polarization under the assumption of polarization matching. The declared sensitivity applies when all receiver units in the BS per polarization are considered no matter the arrangement of the antenna elements and or antenna panels. As such it is not necessary to defined or discuss antenna panels in the specification. The throughput shall be ≥ 95% of the maximum throughput of the reference measurement channel as specified in the corresponding table and annex A.1 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 BS channel bandwidth. EISREFSENS_50M itself is not a requirement and although it is based on a reference measurement channel with 50 MHz BS channel bandwidth it does not imply that BS has to support 50MHz BS channel bandwidth.

In [5] and [6], the declare range of wide area IAB-MT and local area IAB-MT is agreed below:

· Declaration range of EISREFSENS_50M will be defined for each IAB-MT class respectively to either reuse or merge together different BS 2-O declaration ranges on EISREFSENS_50M as table below

	Class


	EISREFSENS_50M range

(dBm)

	Wide Area
	-96 to -119

	Local Area
	-86 to -114


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 Local Area IAB-Node, EISREFSENS_50M is an integer value in the range -86 to -114 dBm. The specific value is declared by the vendor.

From the above parameters the OTA reference sensitivity requirement can be defined as:
Table 5.2.2-1: Wide area and local area IAB-MT reference sensitivity requirement 

	IAB-MT Channel bandwidth 

(MHz)
	Sub-carrier spacing

(kHz)
	FRC
	EISREFSENS level

(dBm)

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

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

	100, 200, 400
	120
	G-FR2-Axx-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-MT channel bandwidth.
NOTE 2:
The declared EISREFSENS_50M shall be within the range specified above.


5 Conclusion
In this contribution, we presented our proposals for REFSENS FRCs and the corresponding simulation results are summarized:

Observation 1: There are potentially a large number of IAB-MT RX slot configurations.

Proposal 1: Specify IAB-MT FRCs using the BS spec approach (i.e. single slot FRCs that are applicable for any TDD pattern).

Proposal 2: Consider only the BS REFSENS’ SCS/BW combinations for IAB-MT.

Proposal 3: No need for FDD requirements; potentially no need for 15kHz SCS requirements for FR1.

Proposal 4: Not necessary to differentiate REFSENS SNR requirements between the wide area class and local area class.
Proposal 5:  Optional TRS and SSB transmissions.
Proposal 6:  FRC configuration for IAB-MT as Table 2 and Table 3.
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