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1 Introduction
In the last meeting almost all the IAB-MT Rx sensitivu6y parameters were agreed however there was a remaining open item on the FRC’s used for the sensitivity requirement and their effect on the final sensitivity requirement.
The WF R4-2008785 states:
FRC to be used by IAB-MT : Selected UE FRC can be for IAB-MT based the same criteria as BS
Companies are encouraged to bring FRC proposals in next RAN4 meeting.
These agreements have been implemented in the text proposals in this document.
2 Discussion
The IAB-MT will be based on the same criteria as the BS but will be UL based so hence the FRC’s will be similar to the UE.
The BS and the UE sensitivity figures are calculated as follows:
2.1 BS Reference sensitivity derivation
The derivation of the BS sensitivity requirement is clearly documented in TR 38.817-2
Reference sensitivity shall be specified according following formula:

	
Where:
-	BW is the maximum transmission bandwidth
-	NF is BS noise figure, equal toN 5 dB for Wide Area BS, 10 dB for Medium Range BS and 13 dB for Local Area BS.
-	IM is the implementation margin, equal to 2dB.
-	SNR is the SNR value for which we reach 95% throughput. Each company provided simulation results, and average will be done for each BW.
The SNR for each FRC is described in the annex
Table B.3 Simulation results summary for RF Fixed Reference Channels
	
	
	
	Ericsson

R4-1802310
R4-1802311
R4-1802312
R4-1802313
R4-1802314
	Huawei

R4-1801675
R4-1801676
R4-1801677
R4-1801678
R4-1601679
	ZTE

R4-1802412
R4-1802414
R4-1802415
R4-1802416
R4-1802417
	CATT

R4-1801447
R4-1801448
R4-1801450
	Nokia

R4-1802737
R4-1802738
R4-1802742
	Average
	Standard 
Deviation

	REFSENS
	FR1
	G-FR1-A1-1
	-1.1
	-1.5
	-1.3
	-1.1
	-1.1
	-1.2
	0.2

	
	
	G-FR1-A1-2
	-0.6
	-1
	-1
	-0.8
	-0.8
	-0.8
	0.2

	
	
	G-FR1-A1-3
	-0.7
	-1
	-1
	-0.8
	-0.8
	-0.9
	0.1

	
	
	G-FR1-A1-4
	-1.1
	-1.2
	-1.2
	-1
	-1.1
	-1.1
	0.1

	
	
	G-FR1-A1-5
	-1.2
	-1.2
	-1.3
	-1.2
	-1.2
	-1.2
	0

	
	
	G-FR1-A1-6
	-1
	-1.3
	-1.2
	-1.1
	-0.9
	-1.1
	0.2



The FRC’s are defined in the annex with the following appropriate characteristics.
Table 2.1-1: Wide area Refsens derivation for FR1 conducted
	　
	BS Channel BW (MHz)
	Subcarrier spacing (kHz)
	Number of PRBS
	Symbols per block
	SNR (dB)
	REFSENS (dBm)

	G-FR1-A1-1
	5
	15
	25
	12
	-1.2
	-101.7

	G-FR1-A1-2
	5
	30
	11
	12
	-0.8
	-101.8

	G-FR1-A1-3
	10
	60
	11
	12
	-0.9
	-98.9

	G-FR1-A1-4
	20
	15
	106
	12
	-1.1
	-95.3

	G-FR1-A1-5
	20
	30
	51
	12
	-1.2
	-95.6

	G-FR1-A1-6
	20
	60
	24
	12
	-1.1
	-95.7



The IAB-MT will however use the UL FRCs in the same way as the UE.
2.2 UE Reference sensitivity derivation
The derivation of the UE sensitivity values is not quite as clear as the BS.
In TR 38.817-1 the receiver sensitivity is derived as follows:
For below 6GHz, the REFSENS level can be calculated by the equation below:
	Sensitivity = -174dBm(kT) + 10*log(RX BW) + NF + SNR +IM – diversity gain
It is noted that the Rx BW is identical to the transmission bandwidth configuration, which is determined by the spectrum utilization. The RB values in the analysis of this contribution are based on the agreed SU for NR.
SNR in Nagoya meeting was tentatively agreed as -1dB, the tentative value is the same as that for LTE. However, SNR will be further evaluated by link level simulation. Actually, the SNR under AWGN channel has no difference for different SCS and the demodulation performance for DFT-s-OFDM and CP-OFDM is the same as well. Therefore, the same SNR will be used to calculate REFSENS for different SCS.
The REFSENS for E-UTRA assumes that the receiver is equipped with two Rx port as a baseline. If 2Rx is considered, the diversity gain is 3dB and the Implementation Margin (IM) uses 2.5dB. In the following calculation, same assumptions are used for LTE refarming bands for NR.
In 38.101-1 the FRC data is given in Annex A, for example annex A.3.2
For example:
Table 2.2-1: UE FRC derivation FR1, 15kHz FRC
	Parameter
	Unit
	Value

	Channel bandwidth
	MHz
	5
	10
	15
	20
	25
	30
	40
	50

	Subcarrier spacing
	kHz
	15
	15
	15
	15
	15
	15
	15
	15

	
Subcarrier spacing configuration 
	
	0
	0
	0
	0
	0
	0
	0
	0

	Allocated resource blocks
	
	25
	52
	79
	106
	133
	160
	216
	270

	Subcarriers per resource block
	
	12
	12
	12
	12
	12
	12
	12
	12

	Allocated slots per Frame
	
	9
	9
	9
	9
	9
	9
	9
	9

	MCS Index
	
	4
	4
	4
	4
	4
	4
	4
	4

	MCS Table for TBS determination
	64QAM

	Modulation
	
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK

	Target Coding Rate
	
	1/3
	1/3
	1/3
	1/3
	1/3
	1/3
	1/3
	1/3

	Maximum number of HARQ transmissions
	
	1
	1
	1
	1
	1
	1
	1
	1

	Information Bit Payload per Slot
	
	
	
	
	
	
	
	
	

	  For Slots 0,1
	Bits
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	  For Slots 2,3,4,5,6,7,8,9
	Bits
	1672
	3368
	5120
	6912
	8712
	10504
	14088
	17424

	Transport block CRC
	Bits
	16
	16
	24
	24
	24
	24
	24
	24

	LDPC base graph
	
	2
	2
	1
	1
	1
	1
	1
	1

	Number of Code Blocks per Slot
	
	
	
	
	
	
	
	
	

	  For Slots 0,1
	CBs
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	  For Slots 2,3,4,5,6,7,8,9
	CBs
	1
	1
	1
	1
	2
	2
	2
	3

	Binary Channel Bits per Slot
	
	
	
	
	
	
	
	
	

	  For Slots 0,1
	Bits
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	  For Slots 2,3,4,5,6,7,8,9
	Bits
	5400
	11232
	17064
	22896
	28728
	34560
	46656
	58320

	Max. Throughput averaged over 1 frame
	Mbps
	1.338
	2.694
	4.096
	5.530
	6.970
	8.403
	11.270
	13.9392

	NOTE 1:	Additional parameters are specified in Table A.3.1-1 and Table A.3.2.1-1.
NOTE 2:	If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit).
NOTE 3:	SS/PBCH block is transmitted in slot #0 of each frame
NOTE 4:	Slot i is slot index per frame



2.3 Comparing BS and UE FRC’s
The BS uses a smaller number of FRC’s to specify sensitivity, with the same FRC (and associated noise BW) for different channel BW’s.
The UE has a different FRCs for each channel BW and hence has a larger number of test cases.
The BS has the following cases:
Table 2.3-1: FR1 BS RFC signal BWs
	　
	SCS (kHz)

	
	15
	30
	60

	CBW (MHz)
	5
	4.5
	4.32
	x
	x

	
	10
	4.5
	4.32
	3.96
	7.92

	
	15
	4.5
	4.32
	3.96
	7.92

	
	20
	19.08
	18.9
	18.36
	17.28

	
	25
	19.08
	18.9
	18.36
	17.28

	
	30
	19.08
	18.9
	18.36
	17.28

	
	40
	19.08
	18.9
	18.36
	17.28

	
	50
	19.08
	18.9
	18.36
	17.28

	
	60
	x
	x
	18.36
	17.28

	
	70
	x
	x
	18.36
	17.28

	
	80
	x
	x
	18.36
	17.28

	
	90
	x
	x
	18.36
	17.28

	
	100
	x
	x
	18.36
	17.28



There are only FRC’s and hence sensitivity requirements per SCS.
The UE has the following cases:
Table 2.3-2: FR1 UE RFC signal BWs
	　
	SCS (kHz)

	
	15
	30
	60

	CBW (MHz)
	5
	4.5
	3.96
	x

	
	10
	9.36
	8.64
	7.92

	
	15
	14.22
	13.68
	12.96

	
	20
	19.08
	18.36
	17.28

	
	25
	23.94
	12.4
	22.32

	
	30
	28.8
	28.08
	27.36

	
	40
	38.88
	38.16
	36.72

	
	50
	48.6
	47.88
	46.8

	
	60
	x
	58.32
	56.88

	
	70
	x
	x
	x

	
	80
	x
	78.12
	77.04

	
	90
	x
	88.2
	87.12

	
	100
	x
	98.28
	97.2



The highlighted cells represent the same BW’ as those use for the BS, with the same number of RB’s and sub-carriers.

It is a simple task therefore to replace the FRC’s used in the BS sensitivity requirement with UE FRC’s of the same noise BW.
Table 2.3-2: FRC’s for the FR1 IAB-MT 
	BS Reference channel
	equivalent UE reference channel (TS 38.101-1, Annex A3.3)

	G-FR1-A1-1
	Table A.3.3.2-1, 5MHz CBW

	G-FR1-A1-2
	Table A.3.3.2-2, 5MHz CBW

	G-FR1-A1-3
	Table A.3.3.2-3, 10MHz CBW

	G-FR1-A1-4
	Table A.3.3.2-1,  20MHz CBW

	G-FR1-A1-5
	Table A.3.3.2-2, 20MHz CBW

	G-FR1-A1-6
	Table A.3.3.2-3, 20MHz CBW



2.4	Other sensitivity parameters
The Other parameters used to derive the sensitivity requirements are:
· Noise figure
· SNR
· IM
The Noise figure is a HW parameters based on the receiver loss and LNA noise figure. The front end of the IAB-MT receiver its antenna etc are more like a BS than a UE. It has also been agreed that the IAB_MT requirements are based on the same criteria as the BS, hence the BS noise figure assumptions can be used (for wide area)
Below 6GHz : NF= 5dB7
24.25 – 33.4 GHz: NF=10dB
37 – 52.6 GHz; NF = 12dB
Implementation margin is based on the HW implementation, for the BS 2dB is used, for the UE 2.5dB is used. Once again as the assumption is that the HW is like a BS and we will use the same criteria as the BS the IM used is 2dB.
The SNR parameter is based on simulation and is derived from the results from multiple vendors. For the BS this is captured in TR 38.817-2 but for the UE in TR 38.817-1 it states the SNR will be -1dB for all SCS.
In this case the SNR is based on the modulation and hence using the UE value is sensible, the BS value varies between -0.8 to -1.2dB so there will be a small difference ion some of the final sensitivity values for The IAB-MT compared to the same BS values.
 
2.5	FR1 sensitivity requirements.
Using all the values derived in the previous sections we can calculate the final IAB-MT sensitivity requirements:
Note the shaded rows refer to NB-IoT cases which are not relevant for IAB.
Table 2.5-1: NR Wide Area IAB-MT reference sensitivity levels
	BS channel bandwidth (MHz) 
	Sub-carrier spacing (kHz)
	Reference measurement channel
	  BS Reference sensitivity power level, PREFSENS
	signal BW
	IM
	SNR
	NF
	IAB-MT reference sensitivity power level

	
	
	
	 (dBm)
	MHz
	dB
	dB
	dB
	dBm

	5, 10, 15 
	15
	Table A.3.3.2-1, 5MHz CBW
(Note 1)
	-101.7
	4.5
	2
	-1
	5
	-101.5

	
	
	G-FR1-A1-10 (Note 3)
	-101.7 (Note 2)
	　
	　
	　
	　
	　

	10, 15 
	30
	Table A.3.3.2-2, 5MHz CBW
(Note 1)
	-101.8
	3.96
	2
	-1
	5
	-102.0

	10, 15
	60
	Table A.3.3.2-3, 10MHz CBW
(Note 1)
	-98.9
	9.92
	2
	-1
	5
	-98.0

	20, 25, 30, 40, 50 
	15
	Table A.3.3.2-1,  20MHz CBW
(Note 1)
	-95.3
	19.08
	2
	-1
	5
	-95.2

	
	
	G-FR1-A1-11 (Note 4)
	-95.3 (Note 2)
	　
	　
	　
	　
	　

	20, 25, 30, 40, 50, 60, 70, 80, 90, 100 
	30
	Table A.3.3.2-2, 20MHz CBW 
(Note 1)
	-95.6
	18.36
	2
	-1
	5
	-95.4

	20, 25, 30, 40, 50, 60, 70, 80, 90, 100 
	60
	Table A.3.3.2-3, 20MHz CBW 
(Note 1)
	-95.7
	17.28
	2
	-1
	5
	-95.6

	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 BS channel bandwidth.

	NOTE 2: Void

	NOTE 3: PREFSENS is the power level of a single instance of the reference measurement channel. This requirement shall be met for a single instance of G-FR1-A1-10 mapped to the 24 NR resource blocks adjacent to the NB-IoT PRB, and for each consecutive application of a single instance of G-FR1-A1-1 mapped to disjoint frequency ranges with a width of 25 resource blocks each.

	NOTE 4: PREFSENS is the power level of a single instance of the reference measurement channel. This requirement shall be met for a single instance of G-FR1-A1-11 mapped to the 105 NR resource blocks adjacent to the NB-IoT PRB, and for each consecutive application of a single instance of G-FR1-A1-4 mapped to disjoint frequency ranges with a width of 106 resource blocks each.



Table 2.5-2: Local Area IAB-MT reference sensitivity levels
	BS channel bandwidth (MHz)
	Sub-carrier spacing (kHz)
	Reference measurement channel
	 Reference sensitivity power level, PREFSENS
	signal BW
	IM
	SNR
	NF
	IAB-MT reference sensitivity power level

	
	
	
	 (dBm)
	MHz
	dB
	dB
	dB
	dBm

	5, 10, 15
	15
	Table A.3.3.2-1, 5MHz CBW
(Note 1)
	-93.7
	4.5
	2
	-1
	13
	-93.5

	
	
	G-FR1-A1-10 (Note 3)
	-93.7 (Note 2)
	　
	　
	　
	　
	　

	10, 15 
	30
	Table A.3.3.2-2, 5MHz CBW
(Note 1)
	-93.8
	3.96
	2
	-1
	13
	-94.0

	10, 15
	60
	Table A.3.3.2-3, 10MHz CBW
(Note 1)
	-90.9
	9.92
	2
	-1
	13
	-90.0

	20, 25, 30, 40, 50 
	15
	Table A.3.3.2-1,  20MHz CBW 
(Note 1)
	-87.3
	19.08
	2
	-1
	13
	-87.2

	
	
	G-FR1-A1-11 (Note 4)
	-87.3 (Note 2)
	　
	　
	　
	　
	　

	20, 25, 30, 40, 50, 60, 70, 80, 90, 100 
	30
	Table A.3.3.2-2, 20MHz CBW
 (Note 1)
	-87.6
	18.36
	2
	-1
	13
	-87.4

	20, 25, 30, 40, 50, 60, 70, 80, 90, 100 
	60
	Table A.3.3.2-3, 20MHz CBW 
(Note 1)
	-87.7
	17.28
	2
	-1
	13
	-87.6

	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 BS channel bandwidth.

	NOTE 2: Void

	NOTE 3: PREFSENS is the power level of a single instance of the reference measurement channel. This requirement shall be met for a single instance of G-FR1-A1-10 mapped to the 24 NR resource blocks adjacent to the NB-IoT PRB, and for each consecutive application of a single instance of G-FR1-A1-1 mapped to disjoint frequency ranges with a width of 25 resource blocks each.

	NOTE 4: PREFSENS is the power level of a single instance of the reference measurement channel. This requirement shall be met for a single instance of G-FR1-A1-11 mapped to the 105 NR resource blocks adjacent to the NB-IoT PRB, and for each consecutive application of a single instance of G-FR1-A1-4 mapped to disjoint frequency ranges with a width of 106 resource blocks each.



2.5	FR2 sensitivity requirements.
As with FR1 for the FR2 BS FRC’s there are equivalent UE with the same signal BW.
Figure 2.5-1 FR2 REFSENS BS FRC’s
	　
	SCS (kHz)

	
	60
	120

	CBW (MHz)
	50
	47.52
	46.08

	
	100
	47.52
	95.04

	
	200
	47.52
	95.04

	
	400
	x
	95.04



Figure 2.5-2 FR2 REFSENS UE FRC’s
	　
	SCS (kHz)

	
	60
	120

	CBW (MHz)
	50
	47.52
	46.08

	
	100
	95.04
	95.04

	
	200
	190.08
	95.04

	
	400
	x
	95.04



As with FR1 the equivalent signal BW for the UE FRC’s are the same as the BS so the same parameters can be used.
Figure 2.5-3 FR2 equivalent IAB-MT FRC’s
	BS Reference channel
	equivalent UE reference channel (TS 38.101-2, Annex A3.3)

	G-FR2-A1-1
	Table A.3.3.2-1, 50MHz CBW

	G-FR2-A1-2
	Table A.3.3.2-2, 50MHz CBW

	G-FR2-A1-3
	Table A.3.3.2-3, 100MHz CBW



The other parameter likely to change is the SNR value, for BS the following were used:
Table 10.3.3.4-1: SNR values for FR2 OTA RF sensitivity
	FRC
	SNR (dB)

	G-FR2-A1-1
	-1.1

	G-FR2-A1-2
	-1.1

	G-FR2-A1-3
	-1.2



There are no values for the UE FR2 listed in 37.817-1, however these are in the same range as the FR1 SNR values, as such using -1dB as with FR1 is a good assumption.
As for FR2 the OTA range is a declared value inside a range and the range has been rounded to 1dB, the additional possible 0.1dB difference due to the SNR value would be lost in the rounding process. As such the same declaration range as the BS can be used for the UE. Note it is agreed already that the LA IAB-MT will use the range covering both LA and MR BS.
3	Summary
In this paper we have looked at the FRCs and the other parameters which are used to derive the reference sensitivity requirements.
The UE requirement has many more FRCs as each is modified to optimize the usage of the channel BW, however for the BS the same FRC is used for many channel BW (for example 4.5MHz signal BW is used for 5, 10 and 20MHz channel BW cases).
 It has previously been agreed that the selected UE FRC can be for IAB-MT based the same criteria as BS. 
As such the appropriate signal BW FRC is selected from the UE definitions and used in the same way as the BS FRC’s to generate the IAB-MT specification.
In addition the SNR value specified or the UE is different, as this is dependent on the modulated signal the UE value is used which changes the final reference sensitivity values slightly from the BS values.
The sensitivity values for FR1 are given in tables 2.3-1 and 2.3-2 in this document, the equivalent FRC;s for the IAB-MT are given in table 2.3-3
For FR2 the as the value is in a range which is rounded to 1dB and the difference in the SNR is small the range is the same for both IAB-MT and the BS. The equivalent FRC’s re given in table 2.5-3

3GPP
oleObject1.bin

image2.wmf
m


oleObject2.bin

image1.wmf
10

()17410log

REFSENSFM

PdBmdBmBWNISNR

=-+´+++


