
4
General

4.1
Relationship between minimum requirements and test requirements

TS 38.191 [6] is a Single-RAT specification for NR Ambient IoT device, covering RF characteristics and minimum performance requirements. Conformance to the specification TS 38.191 [6] is demonstrated by fulfilling the test requirements specified in the present document.

The Minimum Requirements given in TS 38.191 [6] make no allowance for measurement uncertainty (MU). The present document defines test tolerances (TT) and measurement uncertainty. These test tolerances are individually defined for each test. The test tolerances are used to relax the minimum requirements in TS 38.191 [6] to create test requirements. For some requirements, including regulatory requirements, the test tolerance is set to zero.

The measurement results returned by the test system are compared - without any modification - against the test requirements as defined by various levels of “Shared Risk” principle as described below.
a)
Core specification value is not relaxed by any relaxation value (TT=0). For each single measurement, the probability of a borderline good UE being judged as FAIL equals the probability of a borderline bad UE being judged as PASS.
-
Test tolerances equal to 0 (TT=0) are considered in this specification.
b)
Core specification value is relaxed by a relaxation value (TT>0). For each single measurement, the probability of a borderline bad UE being judged as PASS is greater than the probability of a borderline good UE being judged as FAIL.
-
Test tolerances lower than measurement uncertainty and greater than 0 (0 < TT < MU) are considered in this specification.
-
Test tolerances high up to measurement uncertainty (TT = MU) are considered in this specification which is also known as “Never fail a good DUT” principle.
c)
Core specification value is tightened by a stringent value (TT<0). For each single measurement, the probability of a borderline good UE being judged as FAIL is greater than the probability of a borderline bad UE being judged as PASS.

Test tolerances lower than 0 (TT<0) are not considered in this specification.The “Never fail a good DUT” and the “Shared Risk” principles are defined in Recommendation ITU-R M.1545 [7].
4.2
Applicability of minimum requirements
a)
In TS 38.191 [6] the Minimum Requirements are specified as general requirements and additional requirements. Where the Requirement is specified as a general requirement, the requirement is mandated to be met in all scenarios.
b)
For specific scenarios for which an additional requirement is specified, in addition to meeting the general requirement, the Ambient IoT device is mandated to meet the additional requirements.

c)
The spurious emissions power requirements are for the long-term average of the power. For the purpose of reducing measurement uncertainty, it is acceptable to average the measured power over a period of time sufficient to reduce the uncertainty due to the statistical nature of the signal.
5
Operating bands and channel arrangement
5.1
General
The channel arrangements presented in this clause are based on the operating bands and channel bandwidths defined in the present release of specifications.

NOTE:
Other operating bands and channel bandwidths may be considered in future Releases.

5.2
Operating bands
Ambient IoT is designed to operate in the NR operating bands defined in Table 5.2-1.

Table 5.2-1: Ambient IoT operating bands

	NR operating band
	Uplink (UL) operating band
BS receive / UE transmit

FUL_low   –  FUL_high (MHz)
	Downlink (DL) operating band
BS transmit / UE receive

FDL_low   –  FDL_high (MHz)
	Duplex Mode

	n5
	824 – 849
	869 – 894
	FDD

	n8
	880 – 915
	925 – 960
	FDD

	n28
	703 – 748
	758 – 803
	FDD


5.3
Channel bandwidth
5.3.1
R2D Channel bandwidth
5.3.1.1
General

The R2D channel bandwidth supports a single reader RF carrier in R2D link at the reader.  
The relationship between the R2D channel bandwidth, the guardband and the transmission bandwidth is shown in figure 5.3.1.1-1.
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Figure 5.3.1.1-1: Definition of channel bandwidth and transmission bandwidth configuration for one reader channel

5.3.1.2
R2D Transmission bandwidth
The transmission bandwidth NRB for each R2D channel bandwidth and subcarrier spacing is specified in table 5.3.1.2.-1.
Table 5.3.1.2-1: R2D Transmission bandwidth configuration NRB for FR1

	SCS (kHz)
	200
kHz
	400
kHz
	600
kHz
	800
kHz

	
	NRB
	NRB
	NRB
	NRB

	15
	1
	2
	3
	4


NOTE:
Device Rx requirements are defined based on transmission bandwidth configuration specified in table 5.3.1.2-1.
5.3.1.3
Minimum guardband and R2D transmission bandwidth configuration
The minimum guardband for each R2D channel bandwidth and SCS is specified in table 5.3.1.3-1.

Table 5.3.1.3-1: Minimum guardband (kHz) (FR1)

	R2D CBW
	200kHz
	400kHz
	600kHz
	800kHz

	Minimum guardband(kHz)
	2.5
	12.5
	22.5
	32.5


The number of RBs configured in any R2D channel bandwidth shall ensure that the minimum guardband specified in this clause is met.
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Figure 5.3.1.3-1: reader PRB utilization

5.3.1.4
RB alignment
For each R2D channel bandwidth, BS transmission bandwidth configuration must fulfil the minimum guardband requirement specified in clause 5.3.1.3.

5.3.1.5
R2D channel bandwidth per operating band
The requirements in this specification apply to the combination of R2D channel bandwidths, SCS and operating bands shown in table 5.3.1.5-1 for FR1. The transmission bandwidth configuration in table 5.3.1.2-1 shall be supported for each of the R2D channel bandwidths within the BS capability. The R2D channel bandwidths are specified for the Tx path.

Table 5.3.1.5-1: R2D channel bandwidths and SCS per operating band 

	NR Bands
	SCS (kHz)
	Reader channel bandwidth (kHz)

	
	
	200
	400
	600
	800

	n5, n8, n28
	15
	200
	400
	600
	800


5.3.2
D2R Channel bandwidth
5.3.2.1
General

The D2R channel bandwidth supports a single A-IoT RF carrier in the D2R link at the device. From a BS perspective, different device channel bandwidths may be supported within the same spectrum for backscattering from devices connected to the BS. 

From a device perspective, the device is allocated with its own device channel bandwidth. The device does not need to be aware of the BS channel bandwidth.

5.3.2.2
D2R Transmission bandwidth
The transmission bandwidth for each D2R channel bandwidth is specified in table 5.3.2.3-1.
5.3.2.3
D2R channel bandwidth per operating band
The requirements  specified in table 5.3.2.3-1 for device apply to all the operating bands in Table 5.2-1.
Table 5.3.2.3-1: Device D2R channel bandwidth 

	　Device D2R channel bandwidth (kHz) 

	Nominal D2R transmission 
Bandwidth without SFO (kHz)
　
	Nominal Small frequency shift without SFO (kHz)

	
	3.75 
	7.5 
	15 
	30 
	60
	120 
	240
	480
	720 

	15
	17
	25
	42
	75

	141

	273
	534
	1065
	　

	30
	　
	33

	50

	83

	149

	281
	545
	1073
	　

	60
	　
	　
	66
	99
	165
	297
	561
	1089
	　

	120
	　
	　
	　
	132
	198
	330
	594
	1122
	　

	240
	　
	　
	　
	　
	264
	396
	660
	1188
	　

	480
	　
	　
	　
	　
	　
	528
	792
	1320
	　

	960
	　
	　
	　
	　
	　
	　
	1056
	1584
	　

	2880
	　
	　
	　
	　
	　
	　
	　
	　
	3168


5.4
Channel arrangement
5.4.1
R2D Channel raster
5.4.1.1
AIoT-ARFCN and channel raster
The global frequency raster defines a set of RF reference frequencies FREF. The RF reference frequency is used in signalling to identify the position of RF channels and other elements. The granularity of the global frequency raster is ΔFGlobal.

RF reference frequencies are designated by an A-IoT Absolute Radio Frequency Channel Number (AIoT-ARFCN) in the range [0…3279165] on the global frequency raster. The relation between the AIoT-ARFCN and the RF reference frequency FREF in MHz is given by the following equation, where FREF-Offs and NRef-Offs are given in table 5.4.1.1-1 and NREF is the AIoT-ARFCN.


FREF = FREF-Offs + ΔFGlobal (NREF – NREF-Offs)

Table 5.4.1.1-1: AIoT-ARFCN parameters for the global frequency raster
	Range of frequencies (MHz)
	ΔFGlobal (kHz)
	FREF-Offs (MHz)
	NREF-Offs
	Range of NREF

	0 – 3000
	5
	0
	0
	0 – 599999


The channel raster defines a subset of RF reference frequencies that can be used to identify the RF channel position in the uplink and downlink. The RF reference frequency for an RF channel maps to a resource element on the carrier. For each operating band, a subset of frequencies from the global frequency raster are applicable for that band and forms a channel raster with a granularity ΔFRaster, which may be equal to or larger than ΔFGlobal.

The mapping between the channel raster and corresponding resource element is given in clause 5.4.1.2. The applicable entries for each operating band are defined in clause 5.4.1.3.

5.4.1.2
Channel raster to resource element mapping
The mapping between the RF reference frequency on the channel raster and the corresponding resource element is given in table 5.4.1.2-1 and can be used to identify the RF channel position. The mapping depends on the total number of RBs that are allocated in the channel and applies to both UL and DL. The mapping must apply to at least one numerology supported by the BS.

Table 5.4.1.2-1: Channel Raster to Resource Element Mapping
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	Resource element index 
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	0
	6

	Physical resource block number 
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 and NRB are as defined in TS 38.211 [11].
5.4.1.3
Channel raster entries for each operating band
The RF channel positions on the channel raster in each NR operating band are given through the applicable NR-ARFCN in table 5.4.1.3-1, using the channel raster to resource element mapping in clause 5.4.1.2.

Channel raster is defined with ΔFRaster = 2 × ΔFGlobal. In this case every 2th NR-ARFCN within the operating band are applicable for the channel raster within the operating band and the step size for the channel raster in Table 5.4.1.3‑1 is given as <2>.

Table 5.4.1.3-1: Applicable NR-ARFCN per operating band for enhanced channel raster

	NR operating band
	ΔFRaster
(kHz) 
	Uplink

Range of NREF

(First – <Step size> – Last)
	Downlink

Range of NREF

(First – <Step size> – Last)

	n5
	10
	164800 – <2> – 169800
	173800 – <2> – 178800

	n8
	10
	176000 – <2> – 183000
	185000 – <2> – 192000

	n28
	10
	140600 – <2> – 149600
	151600 – <2> – 160600

	NOTE 1:
The channel numbers that designate carrier frequencies so close to the operating band edges that the carrier extends beyond the operating band edge shall not be used. These channel numbers shall also be such that the minimum guard band for each channel bandwidth and SCS specified in Table 5.3.3-1 are met for carriers located at the upper or lower edge of an operating band.
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