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Introduction
In RAN4#98e, the work split for the introduction of IAB demodulation performance requirements was agreed [1].
In this contribution, we present a first TP draft on how to include the following sections in the newly created TS 38.176- 1 [2][3].
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Discussion and Conclusion
Agreements on IAB-DU
Below we collect the list of agreements (excluding the majority of informative ones) relevant to IAB-DU demodualto inrequirements specification drafting:
Meeting RAN4#96-e [4]:
	· Re-use of BS demod requirements
· “Re-use”, i.e., copy paste, from BS demod requirements to the extent possible to avoid additional work. All conditions to be kept. For some cases “adapt” or “follow the principle of” may be needed.



Meeting RAN4#97-e [5]:
	· Additional requirement configurations on top of BS ones
[GtW agreement - informative]
· There is no need to introduce any new performance requirements for IAB-DU in addition to already existing BS requirements.

· Inclusion of Rel-16 HST requirements 
· Do not include existing Rel-16 HST requirements (including UL TA).
· Other Rel-16 BS demod requirements
· Do not include Rel-16 BS demod requirements, i.e., the following (HST discussed separately)
· 30% TPUT requirements for PUSCH with transform precoding disabled.
· 2-step RACH
· NR-U
· URLLC 0.001% BLER
· URLLC high reliability
· URLLC low latency

· General RX demodulation branches
· [GtW agreement - informative] Using existing applicable rules for CHBW, SCS and number of RX antenna configuration as starting point, further refinement not precluded.
· All existing antenna configurations shall be kept, when re-using BS demod requirements. An applicability rule shall be defined to test only maximum number of antennas declared to be supported by the manufacturer for the respective BS type, i.e., up to 8Rx in conducted/hybrid testing and up to 2Rx in OTA testing.

· Conducted and OTA requirements
· Specify both conducted and OTA tests for IAB-DU.

· PUSCH mapping type
· Copy existing requirements and apply BS demod like applicability rule for testing.

· PUCCH DM-RS configuration
· Keep existing BS demodulation based DM-RS configurations.

· PUCCH number of test cases
· Keep all the PUCCH requirements and related test applicability rule, if BS declares to support more than one PUCCH formats, limit the number of tests chosen by the manufacturer using applicability rule. FFS: Exact limiting of tests.



Meeting RAN4#98-e [1]:
	· Carrier aggregation
· Follow Rel-15 approach and include notes that CA can be operated and is tested per carrier.

· PUSCH
· Rel-16 fixes to Rel-15 BS demodulation requirements
· For IAB-DU 16QAM 2T2R radiated test cases reuse BS performance requirements with Rel-16 fixes.

· Channel model
· All existing channel models used in Rel-15 BS testing should be re-used (including TDLB100-400 for FR1).
· MCS
· Include requirements for QPSK, 16QAM (and declaration of support).
Add applicability rule that highest modulation order is tested only with lowest supported SCS and other modulation orders only with highest supported SCS.
· UCI multiplexed on PUSCH
· All existing requirements for UCI multiplexed on PUSCH should be re-used.
· Applicability rule on SCS
· Combine existing applicability rule for tested SCS with newly proposed one for MCS.
· Applicability rule on CBW
· Use existing applicability rule for CBW.
· Applicability rule on mapping type
· Use existing applicability rule for mapping type
· Requirements with 30% max TPUT
· Keep prior agreement. Do not include 30% TPUT requirements for IAB-DU.
· Transform precoding (from GtW)
· Include requirements, create a manufacture declaration to allow dft-s-OFDM support, and add applicability rule to only test, if dft-s-OFDM is supported.

· PUCCH
· Channel model
· All existing channel models used in Rel-15 BS testing should be re-used.

· PRACH
· Channel model
· All existing channel models used in Rel-15 BS testing should be re-used, except for AWGN (i.e., fading case only).




New Specification Drafting
Given that the current meeting is a “bis” meeting, we understand the TPs given in the following sections are early drafts, meant to be indicative of the direction of how to implement the specification, but these TPs are very susceptible to additional changes and future polishing.
In terms of markings, we marked changes with respect to the base document, TS 38.141-1 V16.6.0. Open issues are marked with yellow highlights.
We chose to start from the Rel-16 specification version, to be sure to have all “Rel-16 fixes to Rel-15 BS demodulation requirements” covered. The Rel-16 feature sections are then removed.
Another reference for IAB-DU specification drafting is our another pCR 
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<<START OF FIRST CHANGE>>

[bookmark: _Toc21100088][bookmark: _Toc29809886][bookmark: _Toc36645271][bookmark: _Toc37272325][bookmark: _Toc45884571][bookmark: _Toc53182594][bookmark: _Toc58860335][bookmark: _Toc61182460]8	Conducted performance characteristics
8.1	IAB-DU perfromance requirments
[bookmark: _Toc21100089][bookmark: _Toc29809887][bookmark: _Toc36645272][bookmark: _Toc37272326][bookmark: _Toc45884572][bookmark: _Toc53182595][bookmark: _Toc58860336][bookmark: _Toc61182461]8.1.1	General
[bookmark: _Toc21100090][bookmark: _Toc29809888][bookmark: _Toc36645273][bookmark: _Toc37272327][bookmark: _Toc45884573][bookmark: _Toc53182596][bookmark: _Toc58860337][bookmark: _Toc61182462]8.1.1.0	Scope and definitions
Conducted performance requirements specify the ability of the BS IAB type 1-C or BS IAB type 1-H to correctly demodulate signals in various conditions and configurations. Conducted performance requirements are specified at the antenna connector(s) (for BS IAB type 1-C) and at the TAB connector(s) (for BS IAB type 1-H).
Conducted performance requirements for the BS IAB-DU are specified for the fixed reference channels and the propagation conditions defined in TS 38.104 174 [2] annex A and annex H, respectively. The requirements only apply to those FRCs that are supported by the BS.
Unless stated otherwise, performance requirements apply for a single carrier only. Performance requirements for a BS IAB-DU supporting CA are defined in terms of single carrier requirements.
For FDD operation the requirements in clause 8 shall be met with the transmitter units associated with antenna connectors (for BS type 1-C) or TAB connectors (for BS type 1-H) in the operating band turned ON.
NOTE:	In normal operating conditions antenna connectors (for BS type 1-C) or TAB connectors (for BS type 1-H) in FDD operation are configured to transmit and receive at the same time. The associated transmitter unit(s) may be OFF for some of the tests.
The SNR used in this clause is specified based on a single carrier and defined as:
SNR = S / N
Where:
S	is the total signal energy in a slot on a single antenna connector (for BS IAB type 1-C) or on a single TAB connector (for BS IAB type 1-H).
N	is the noise energy in a bandwidth corresponding to the transmission bandwidth over the duration of a slot.
[bookmark: _Toc21100091][bookmark: _Toc29809889][bookmark: _Toc36645274][bookmark: _Toc37272328][bookmark: _Toc45884574][bookmark: _Toc53182597][bookmark: _Toc58860338][bookmark: _Toc61182463]8.1.1.12	Applicability rule
[bookmark: _Toc21100092][bookmark: _Toc29809890][bookmark: _Toc36645275][bookmark: _Toc37272329][bookmark: _Toc45884575][bookmark: _Toc53182598][bookmark: _Toc58860339][bookmark: _Toc61182464]8.1.12.1.00	General
[bookmark: _Toc21100093]Unless otherwise stated, for a BS IAB-DU supporting more than 8 antenna connectors (for BS IAB type 1-C) or TAB connectors (for BS IAB type 1-H) (see D.37 in table 4.6-1), the performance requirement tests for 8 RX antennas shall apply, and the specific connectors used for testing are based on manufacturer declaration.
Unless otherwise stated, for a BS IAB-DU supporting different numbers of antenna connectors (for BS IAB type 1-C) or TAB connectors (for BS IAB type 1-H) (see D.37 in table 4.6-1), the tests with low MIMO correlation level shall apply only for the lowest and highest numbers of supported connectors, and the specific connectors used for testing are based on manufacturer declaration.
[bookmark: _Toc29809891][bookmark: _Toc36645276][bookmark: _Toc37272330][bookmark: _Toc45884576][bookmark: _Toc53182599][bookmark: _Toc58860340][bookmark: _Toc61182465]8.1.12.1.1	Applicability of PUSCH performance requirements
[bookmark: _Toc21100094][bookmark: _Toc29809892][bookmark: _Toc36645277][bookmark: _Toc37272331][bookmark: _Toc45884577][bookmark: _Toc53182600][bookmark: _Toc58860341][bookmark: _Toc61182466]8.1.12.1.1.0	Applicability of requirements for different subcarrier spacings
Unless otherwise stated, PUSCH requirement tests shall apply only for each subcarrier spacing declared to be supported (see D.14 in table 4.6-1). 
Unless otherwise stated, PUSCH requirement tests with 30% of maximum throughput shall apply only for the lowest subcarrier spacing declared to be supported (see D.14 in table 4.6-1) for each frequency range.
[bookmark: _Toc21100095][bookmark: _Toc29809893][bookmark: _Toc36645278][bookmark: _Toc37272332][bookmark: _Toc45884578][bookmark: _Toc53182601][bookmark: _Toc58860342][bookmark: _Toc61182467]8.1.12.1.1.12	Applicability of requirements for different channel bandwidths
For each subcarrier spacing declared to be supported, the tests for a specific channel bandwidth shall apply only if the BS supports it (see D.14 in table 4.6-1).
Unless otherwise stated, for each subcarrier spacing declared to be supported, the tests shall be done only for the widest supported channel bandwidth. If performance requirement is not specified for this widest supported channel bandwidth, the tests shall be done by using performance requirement for the closest channel bandwidth lower than this widest supported bandwidth; the tested PRBs shall then be centered in this widest supported channel bandwidth.
[bookmark: _Toc21100096][bookmark: _Toc29809894][bookmark: _Toc36645279][bookmark: _Toc37272333][bookmark: _Toc45884579][bookmark: _Toc53182602][bookmark: _Toc58860343][bookmark: _Toc61182468]8.1.1.1.1.28.1.2.1.3	Applicability of requirements for different configurations
Unless otherwise stated, PUSCH requirement tests shall apply only for the mapping type declared to be supported (see D.100 in table 4.6-1). If both mapping type A and type B are declared to be supported, the tests shall be done for either type A or type B; the same chosen mapping type shall then be used for all tests except the requirement for PUSCH mapping Type B with 2 symbol length allocated.
8.1.1.1.1.38.1.2.1.4	Applicability of requirements for uplink carrier aggregation
The tests for uplink carrier aggregation shall be carried out according to the declaration (see D.107 in table 4.6-1).
Unless otherwise stated, the tests for uplink carrier aggregation shall apply only for PUSCH with transform precoding disabled, and shall be conducted on per component carrier basis. 
8.1.1.1.1.48.1.2.1.5	Applicability of requirements for TDD with different UL-DL patterns
Unless otherwise stated, for each subcarrier spacing declared to be supported, if BS supports multiple TDD UL-DL patterns, only one of the supported TDD UL-DL patterns shall be used for all tests.
[bookmark: _Toc21100097][bookmark: _Toc29809895][bookmark: _Toc36645280][bookmark: _Toc37272334][bookmark: _Toc45884580][bookmark: _Toc53182603]8.1.1.1.1.58.1.2.1.6	Applicability of UL timing adjustment requirements for different scenarios
Unless otherwise stated, the tests for UL timing adjustment for scenario Y and scenario Z shall apply only if high speed train is declared to be supported (see D.109 in table 4.6-1). A BS that passes the tests for scenario Y or scenario Z, can also consider the tests for scenario X passed.
8.1.1.1.1.6	Applicability of requirements for transform precoding
Unless otherwise stated, the tests with transform precoding enabled shall apply only, if the IAB-DU supports it (see D.1xx in table [4.6-1]).
[bookmark: _Toc58860344][bookmark: _Toc61182469]8.1.12.1.22	Applicability of PUCCH performance requirements
[bookmark: _Toc21100098][bookmark: _Toc29809896][bookmark: _Toc36645281][bookmark: _Toc37272335][bookmark: _Toc45884581][bookmark: _Toc53182604][bookmark: _Toc58860345][bookmark: _Toc61182470]8.1.12.12.2.01	Applicability of requirements for different formats
Unless otherwise stated, PUCCH requirement tests shall apply only for each PUCCH format declared to be supported (see D.102 in table 4.6-1).
[bookmark: _Toc21100099][bookmark: _Toc29809897][bookmark: _Toc36645282][bookmark: _Toc37272336][bookmark: _Toc45884582][bookmark: _Toc53182605][bookmark: _Toc58860346][bookmark: _Toc61182471]8.1.1.1.2.18.1.2.2.2	Applicability of requirements for different subcarrier spacings
Unless otherwise stated, PUCCH requirement tests shall apply only for each subcarrier spacing declared to be supported (see D.14 in table 4.6-1).[Unless otherwise stated, PUCCH requirement tests shall apply only for each PUCCH format declared to be supported (see D.102 in table 4.6-1).]
[bookmark: _Toc21100100][bookmark: _Toc29809898][bookmark: _Toc36645283][bookmark: _Toc37272337][bookmark: _Toc45884583][bookmark: _Toc53182606][bookmark: _Toc58860347][bookmark: _Toc61182472]8.1.1.1.2.28.1.2.2.3	Applicability of requirements for different channel bandwidths
For each subcarrier spacing declared to be supported by the BSIAB-DU, the tests for a specific channel bandwidth shall apply only if the BS IAB-DU supports it (see D.14 in table 4.6-1).
Unless otherwise stated, for each subcarrier spacing declared to be supported, the tests shall be done only for the widest supported channel bandwidth. If performance requirement is not specified for this widest supported channel bandwidth, the tests shall be done by using performance requirement for the closest channel bandwidth lower than this widest supported bandwidth; the tested PRBs shall then be centered in this widest supported channel bandwidth.
[bookmark: _Toc21100101][bookmark: _Toc29809899][bookmark: _Toc36645284][bookmark: _Toc37272338][bookmark: _Toc45884584][bookmark: _Toc53182607][bookmark: _Toc58860348][bookmark: _Toc61182473]8.1.1.1.2.38.1.2.2.4	Applicability of requirements for different configurations
[bookmark: _Hlk5810425]Unless otherwise stated, PUCCH format 3 requirement tests shall apply only for the additional DM-RS configuration declared to be supported (see D.104 in table 4.6-1). If both options (without and with additional DM-RS) are declared to be supported, the tests shall be done for either without or with additional DM-RS; the same chosen option shall then be used for all tests.
Unless otherwise stated, PUCCH format 4 requirement tests shall apply only for the additional DM-RS configuration declared to be supported (see D.105 in table 4.6-1). If both options (without and with additional DM-RS) are declared to be supported, the tests shall be done for either without or with additional DM-RS; the same chosen option shall then be used for all tests.
[bookmark: _Toc21100102][bookmark: _Toc29809900][bookmark: _Toc36645285][bookmark: _Toc37272339][bookmark: _Toc45884585][bookmark: _Toc53182608][bookmark: _Toc58860349][bookmark: _Toc61182474]8.1.1.1.2.48.1.2.2.5	Applicability of requirements for multi-slot PUCCH
Unless otherwise stated, multi-slot PUCCH requirement tests shall apply only if the BS IAB-DU supports it (see D.106 in table 4.6-1).
[bookmark: _Toc21100103][bookmark: _Toc29809901][bookmark: _Toc36645286][bookmark: _Toc37272340][bookmark: _Toc45884586][bookmark: _Toc53182609][bookmark: _Toc58860350][bookmark: _Toc61182475]8.1.12.1.33	Applicability of PRACH performance requirements 
[bookmark: _Toc21100104][bookmark: _Toc29809902][bookmark: _Toc36645287][bookmark: _Toc37272341][bookmark: _Toc45884587][bookmark: _Toc53182610][bookmark: _Toc58860351][bookmark: _Toc61182476]8.1.12.13.3.01	Applicability of requirements for different formats
Unless otherwise stated, PRACH requirement tests shall apply only for each PRACH format declared to be supported (see D.103 in table 4.6-1).
[bookmark: _Toc21100105][bookmark: _Toc29809903][bookmark: _Toc36645288][bookmark: _Toc37272342][bookmark: _Toc45884588][bookmark: _Toc53182611][bookmark: _Toc58860352][bookmark: _Toc61182477]8.1.1.1.3.18.1.2.3.2	Applicability of requirements for different subcarrier spacings
Unless otherwise stated, for each PRACH format with short sequence declared to be supported, for each FR, the tests shall apply only for the smallest supported subcarrier spacing in the FR (see D.103 in table 4.6-1). 
[bookmark: _Toc21100106][bookmark: _Toc29809904][bookmark: _Toc36645289][bookmark: _Toc37272343][bookmark: _Toc45884589][bookmark: _Toc53182612][bookmark: _Toc58860353][bookmark: _Toc61182478]8.1.1.1.3.28.1.2.3.3	Applicability of requirements for different channel bandwidths
Unless otherwise stated, for the subcarrier spacing to be tested, the tests shall apply only for anyone channel bandwidth declared to be supported (see D.14 in table 4.6-1).
[bookmark: _Toc53182613][bookmark: _Toc58860354][bookmark: _Toc61182479][bookmark: _Toc21100107][bookmark: _Toc29809905][bookmark: _Toc36645290][bookmark: _Toc37272344][bookmark: _Toc45884590]8.1.1.1.3.38.1.2.3.4	Applicability of requirements for different restricted set types of long PRACH format 0
Unless otherwise stated, PRACH requirement tests for long PRACH preamble format 0 with restricted set Type A and B shall apply only for the restricted set type declared to be supported (see D.110 in table 4.6-1). If both restricted set type A and type B are declared to be supported, the tests shall be done for type B; the same chosen mapping type shall then be used for all tests.
[bookmark: _Toc58860355][bookmark: _Toc61182480]8.1.12.1.44	Applicability of PUSCH for high speed train performance requirements
[bookmark: _Toc58860356][bookmark: _Toc61182481]8.1.12.14.4.01	Applicability of requirements for different speeds
Unless otherwise stated, a BS that declares to support 500km/h (see D.109 in table 4.6-1) and passes the tests for 500km/h, can also consider the tests for 350km/h as passed.
[bookmark: _Toc58860357][bookmark: _Toc61182482]8.1.1.1.4.18.1.2.4.2	Applicability of requirements for 1T1R
In high speed train requirements, unless otherwise stated, for a BS supporting different numbers of antenna connectors (for BS type 1-C) or TAB connectors (for BS type 1-H) (see D.37 in table 4.6-1), if the BS supports 1RX, the tests with low MIMO correlation level shall apply only for either one connector or the second lowest number of supported connectors, in addition to the highest numbers of supported connectors, and the specific connectors used for testing are based on manufacturer declaration. 
If the BS doesn't support 1RX, the tests with low MIMO correlation level shall apply only for the lowest and highest numbers of supported connectors, and the specific connectors used for testing are based on manufacturer declaration.
Note: The highest number of connectors can simultaneously be second lowest number.
[bookmark: _Toc53182614][bookmark: _Toc58860358][bookmark: _Toc61182483]8.2	Performance requirements for PUSCH	Comment by Dmitry Petrov: The numbering of sections shall be changed as it was done in the previous section. However, it is a tiedious tadk and we are not sure yet that exactly this numbering will be kept in future versions.
[bookmark: _Toc21100108][bookmark: _Toc29809906][bookmark: _Toc36645291][bookmark: _Toc37272345][bookmark: _Toc45884591][bookmark: _Toc53182615][bookmark: _Toc58860359][bookmark: _Toc61182484]8.2.1	Performance requirements for PUSCH with transform precoding disabled
[bookmark: _Toc21100109][bookmark: _Toc29809907][bookmark: _Toc36645292][bookmark: _Toc37272346][bookmark: _Toc45884592][bookmark: _Toc53182616][bookmark: _Toc58860360][bookmark: _Toc61182485]8.2.1.1	Definition and applicability
The performance requirement of PUSCH is determined by a minimum required throughput for a given SNR. The required throughput is expressed as a fraction of maximum throughput for the FRCs listed in annex A. The performance requirements assume HARQ re-transmissions. 
Which specific test(s) are applicable to BS IAB-DU is based on the test applicability rules defined in clause 8.1.2.1.
[bookmark: _Toc21100110][bookmark: _Toc29809908][bookmark: _Toc36645293][bookmark: _Toc37272347][bookmark: _Toc45884593][bookmark: _Toc53182617][bookmark: _Toc58860361][bookmark: _Toc61182486]8.2.1.2	Minimum Requirement
The minimum requirement is in TS 38.17404 [2] clause 8.2.1.
[bookmark: _Toc21100111][bookmark: _Toc29809909][bookmark: _Toc36645294][bookmark: _Toc37272348][bookmark: _Toc45884594][bookmark: _Toc53182618][bookmark: _Toc58860362][bookmark: _Toc61182487]8.2.1.3	Test Purpose
The test shall verify the receiver's ability to achieve throughput under multipath fading propagation conditions for a given SNR.
[bookmark: _Toc21100112][bookmark: _Toc29809910][bookmark: _Toc36645295][bookmark: _Toc37272349][bookmark: _Toc45884595][bookmark: _Toc53182619][bookmark: _Toc58860363][bookmark: _Toc61182488]8.2.1.4	Method of test
[bookmark: _Toc21100113][bookmark: _Toc29809911][bookmark: _Toc36645296][bookmark: _Toc37272350][bookmark: _Toc45884596][bookmark: _Toc53182620][bookmark: _Toc58860364][bookmark: _Toc61182489]8.2.1.4.1	Initial Conditions
[bookmark: _Toc21100114]Test environment:	Normal, see annex B.2.
RF channels to be tested for single carrier:	M; see clause 4.9.1.
RF channels to be tested for carrier aggregation: MBW Channel CA; see clause 4.9.1.
[bookmark: _Toc29809912][bookmark: _Toc36645297][bookmark: _Toc37272351][bookmark: _Toc45884597][bookmark: _Toc53182621][bookmark: _Toc58860365][bookmark: _Toc61182490]8.2.1.4.2	Procedure
1)	Connect the BS tester generating the wanted signal, multipath fading simulators and AWGN generators to all BS IAB-DU antenna connectors for diversity reception via a combining network as shown in annex D.5 and D.6 for BS IAB type 1-C and type 1-H respectively.
2)	Adjust the AWGN generator, according to the channel bandwidth, defined in table 8.2.1.4.2-1.
Table 8.2.1.4.2-1: AWGN power level at the BS input
	Sub-carrier spacing (kHz)
	Channel bandwidth (MHz)
	AWGN power level

	
	5
	-86.5 dBm / 4.5MHz

	15 kHz
	10
	-83.3 dBm / 9.36MHz

	
	20
	-80.2 dBm / 19.08MHz

	
	10
	-83.6 dBm / 8.64MHz

	30 kHz
	20
	-80.4 dBm / 18.36MHz

	
	40
	-77.2 dBm / 38.16MHz

	
	100
	-73.1 dBm / 98.28MHz



3)	The characteristics of the wanted signal shall be configured according to the corresponding UL reference measurement channel defined in annex A and the test parameters in table 8.2.1.4.2-2.
Table 8.2.1.4.2-2: Test parameters for testing PUSCH
	Parameter
	Value

	Transform precoding
	Disabled

	Default TDD UL-DL pattern (Note 1)
	15 kHz SCS:
3D1S1U, S=10D:2G:2U
30 kHz SCS:
7D1S2U, S=6D:4G:4U

	HARQ
	Maximum number of HARQ transmissions
	4

	
	RV sequence
	0, 2, 3, 1

	DM-RS
	DM-RS configuration type
	1

	
	DM-RS duration
	single-symbol DM-RS

	
	Additional DM-RS position
	pos1

	
	Number of DM-RS CDM group(s) without data
	2

	
	Ratio of PUSCH EPRE to DM-RS EPRE
	-3 dB

	
	DM-RS port(s)
	{0}, {0, 1}

	
	DM-RS sequence generation
	NID0=0, nSCID =0

	Time domain resource assignment
	PUSCH mapping type
	A, B

	
	Start symbol
	0 

	
	Allocation length
	14 

	Frequency domain resource assignment
	RB assignment
	Full applicable test bandwidth

	
	Frequency hopping
	Disabled

	TPMI index for 2Tx two layer spatial multiplexing transmission 
	0

	Code block group based PUSCH transmission
	Disabled

	NOTE 1:	The same requirements are applicable to FDD and TDD with different UL-DL patterns.



[bookmark: _Toc21100115]4)	The multipath fading emulators shall be configured according to the corresponding channel model defined in annex G.
5)	Adjust the equipment so that required SNR specified in table 8.2.1.5-1 to 8.2.1.5-18 is achieved at the BS IAB-DU input.
6)	For each of the reference channels in table 8.2.1.5-1 to 8.2.1.5-18 applicable for the base station, measure the throughput.
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The throughput measured according to clause 8.2.1.4.2 shall not be below the limits for the SNR levels specified in table 8.2.1.5-1 to 8.2.1.5-18.
Table 8.2.1.5-1: Test requirements for PUSCH with 70% of maximum throughput, Type A, 5 MHz channel bandwidth, 15 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and correlation matrix (annex G)
	Fraction of maximum throughput
	FRC
(annex A)
	Additional DM-RS position
	SNR
(dB)

	
	
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-8
	pos1
	-1.7

	
	2
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-8
	pos1
	10.7

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A5-8
	pos1
	12.9

	
	
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-8
	pos1
	-5.2

	1
	4
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-8
	pos1
	6.8

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A5-8
	pos1
	9.4

	
	
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-8
	pos1
	-8.1

	
	8
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-8
	pos1
	3.6

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A5-8
	pos1
	6.2

	
	2
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-22
	pos1
	1.8

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-22
	pos1
	19.0

	2
	4
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-22
	pos1
	-1.5

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-22
	pos1
	11.8

	
	8
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-22
	pos1
	-4.5

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-22
	pos1
	7.6



Table 8.2.1.5-2: Test requirements for PUSCH with 70% of maximum throughput, Type A, 10 MHz channel bandwidth, 15 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and correlation matrix (annex G)
	Fraction of maximum throughput
	FRC
(annex A)
	Additional DM-RS position
	SNR
(dB)

	
	
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-9
	pos1
	-1.9

	
	2
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-9
	pos1
	10.8

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A5-9
	pos1
	12.8

	
	
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-9
	pos1
	-5.4

	1
	4
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-9
	pos1
	6.9

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A5-9
	pos1
	9.2

	
	
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-9
	pos1
	-8.1

	
	8
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-9
	pos1
	3.7

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A5-9
	pos1
	6.1

	
	2
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-23
	pos1
	2.5

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-23
	pos1
	19.1

	2
	4
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-23
	pos1
	-1.2

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-23
	pos1
	12.0

	
	8
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-23
	pos1
	-4.7

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-23
	pos1
	7.6



Table 8.2.1.5-3: Test requirements for PUSCH with 70% of maximum throughput, Type A, 20 MHz channel bandwidth, 15 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and correlation matrix (annex G)
	Fraction of maximum throughput
	FRC
(annex A)
	Additional DM-RS position
	SNR
(dB)

	
	
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-10
	pos1
	-1.5

	
	2
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-10
	pos1
	10.6

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A5-10
	pos1
	13.0

	
	
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-10
	pos1
	-4.9

	1
	4
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-10
	pos1
	6.8

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A5-10
	pos1
	9.2

	
	
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-10
	pos1
	-7.9

	
	8
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-10
	pos1
	3.6

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A5-10
	pos1
	6.1

	
	2
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-24
	pos1
	2.9

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-24
	pos1
	19.1

	2
	4
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-24
	pos1
	-1.0

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-24
	pos1
	11.9

	
	8
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-24
	pos1
	-4.5

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-24
	pos1
	7.7



Table 8.2.1.5-4: Test requirements for PUSCH with 70% of maximum throughput, Type A, 10 MHz channel bandwidth, 30 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and correlation matrix (annex G)
	Fraction of maximum throughput
	FRC
(annex A)
	Additional DM-RS position
	SNR
(dB)

	
	
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-11
	pos1
	-1.7

	
	2
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-11
	pos1
	10.8

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A5-11
	pos1
	13.4

	
	
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-11
	pos1
	-5.0

	1
	4
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-11
	pos1
	7.0

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A5-11
	pos1
	9.2

	
	
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-11
	pos1
	-8.0

	
	8
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-11
	pos1
	3.9

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A5-11
	pos1
	6.1

	
	2
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-25
	pos1
	2.1

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-25
	pos1
	19.2

	2
	4
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-25
	pos1
	-1.4

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-25
	pos1
	12.0

	
	8
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-25
	pos1
	-4.4

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-25
	pos1
	7.8



Table 8.2.1.5-5: Test requirements for PUSCH with 70% of maximum throughput, Type A, 20 MHz channel bandwidth, 30 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and correlation matrix (annex G)
	Fraction of maximum throughput
	FRC
(annex A)
	Additional DM-RS position
	SNR
(dB)

	
	
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-12
	pos1
	-2.3

	
	2
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-12
	pos1
	10.8

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A5-12
	pos1
	13.1

	
	
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-12
	pos1
	-5.4

	1
	4
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-12
	pos1
	7.0

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A5-12
	pos1
	9.2

	
	
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-12
	pos1
	-8.2

	
	8
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-12
	pos1
	3.8

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A5-12
	pos1
	6.1

	
	2
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-26
	pos1
	2.1

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-26
	pos1
	18.9

	2
	4
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-26
	pos1
	-1.4

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-26
	pos1
	12.1

	
	8
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-26
	pos1
	-4.5

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-26
	pos1
	7.7



Table 8.2.1.5-6: Test requirements for PUSCH with 70% of maximum throughput, Type A, 40 MHz channel bandwidth, 30 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and correlation matrix (annex G)
	Fraction of maximum throughput
	FRC
(annex A)
	Additional DM-RS position
	SNR
(dB)

	
	
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-13
	pos1
	-1.9

	
	2
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-13
	pos1
	10.6

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A5-13
	pos1
	13.0

	
	
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-13
	pos1
	-5.2

	1
	4
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-13
	pos1
	6.9

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A5-13
	pos1
	9.1

	
	
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-13
	pos1
	-8.1

	
	8
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-13
	pos1
	3.7

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A5-13
	pos1
	6.0

	
	2
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-27
	pos1
	2.1

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-27
	pos1
	20.3

	2
	4
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-27
	pos1
	-1.5

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-27
	pos1
	12.1

	
	8
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-27
	pos1
	-4.4

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-27
	pos1
	7.7



Table 8.2.1.5-7: Test requirements for PUSCH with 70% of maximum throughput, Type A, 100 MHz channel bandwidth, 30 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and correlation matrix (annex G)
	Fraction of maximum throughput
	FRC
(annex A)
	Additional DM-RS position
	SNR
(dB)

	
	
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-14
	pos1
	-2.2

	
	2
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-14
	pos1
	10.8

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A5-14
	pos1
	13.6

	
	
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-14
	pos1
	-5.2

	1
	4
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-14
	pos1
	7.1

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A5-14
	pos1
	9.6

	
	
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-14
	pos1
	-8.1

	
	8
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-14
	pos1
	3.8

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A5-14
	pos1
	6.4

	
	2
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-28
	pos1
	2.2

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-28
	pos1
	20.0

	2
	4
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-28
	pos1
	-1.4

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-28
	pos1
	12.4

	
	8
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-28
	pos1
	-4.4

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-28
	pos1
	7.9



Table 8.2.1.5-8: Test requirements for PUSCH with 70% of maximum throughput, Type B, 5 MHz channel bandwidth, 15 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and correlation matrix (annex G)
	Fraction of maximum throughput
	FRC
(annex A)
	Additional DM-RS position
	SNR
(dB)

	
	
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-8
	pos1
	-1.7

	
	2
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-8
	pos1
	10.8

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A5-8
	pos1
	13.1

	
	
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-8
	pos1
	-5.1

	1
	4
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-8
	pos1
	6.9

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A5-8
	pos1
	9.5

	
	
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-8
	pos1
	-8.1

	
	8
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-8
	pos1
	3.6

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A5-8
	pos1
	6.3

	
	2
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-22
	pos1
	2.3

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-22
	pos1
	19.1

	2
	4
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-22
	pos1
	-1.5

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-22
	pos1
	11.9

	
	8
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-22
	pos1
	-4.6

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-22
	pos1
	7.6



Table 8.2.1.5-9: Test requirements for PUSCH with 70% of maximum throughput, Type B, 10 MHz channel bandwidth, 15 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and correlation matrix (annex G)
	Fraction of maximum throughput
	FRC
(annex A)
	Additional DM-RS position
	SNR
(dB)

	
	
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-9
	pos1
	-1.7

	
	2
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-9
	pos1
	11.1

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A5-9
	pos1
	13.2

	
	
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-9
	pos1
	-5.1

	1
	4
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-9
	pos1
	7.1

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A5-9
	pos1
	9.5

	
	
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-9
	pos1
	-8.4

	
	8
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-9
	pos1
	3.8

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A5-9
	pos1
	6.4

	
	2
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-23
	pos1
	2.8

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-23
	pos1
	19.5

	2
	4
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-23
	pos1
	-1.5

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-23
	pos1
	12.1

	
	8
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-23
	pos1
	-4.4

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-23
	pos1
	7.8



Table 8.2.1.5-10: Test requirements for PUSCH with 70% of maximum throughput, Type B, 20 MHz channel bandwidth, 15 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and correlation matrix (annex G)
	Fraction of maximum throughput
	FRC
(annex A)
	Additional DM-RS position
	SNR
(dB)

	
	
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-10
	pos1
	-1.5

	
	2
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-10
	pos1
	11.0

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A5-10
	pos1
	12.9

	
	
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-10
	pos1
	-5.1

	1
	4
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-10
	pos1
	6.9

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A5-10
	pos1
	9.4

	
	
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-10
	pos1
	-7.9

	
	8
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-10
	pos1
	3.7

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A5-10
	pos1
	6.3

	
	2
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-24
	pos1
	2.4

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-24
	pos1
	18.9

	2
	4
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-24
	pos1
	-1.2

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-24
	pos1
	12.0

	
	8
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-24
	pos1
	-4.5

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-24
	pos1
	7.7



Table 8.2.1.5-11: Test requirements for PUSCH with 70% of maximum throughput, Type B, 10 MHz channel bandwidth, 30 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and correlation matrix (annex G)
	Fraction of maximum throughput
	FRC
(annex A)
	Additional DM-RS position
	SNR
(dB)

	
	
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-11
	pos1
	-1.8

	
	2
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-11
	pos1
	10.7

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A5-11
	pos1
	13.1

	
	
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-11
	pos1
	-5.1

	1
	4
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-11
	pos1
	7.0

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A5-11
	pos1
	9.2

	
	
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-11
	pos1
	-8.2

	
	8
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-11
	pos1
	3.8

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A5-11
	pos1
	6.2

	
	2
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-25
	pos1
	1.9

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-25
	pos1
	19.3

	2
	4
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-25
	pos1
	-1.7

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-25
	pos1
	12.1

	
	8
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-25
	pos1
	-4.8

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-25
	pos1
	7.8



Table 8.2.1.5-12: Test requirements for PUSCH with 70% of maximum throughput, Type B, 20 MHz channel bandwidth, 30 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and correlation matrix (annex G)
	Fraction of maximum throughput
	FRC
(annex A)
	Additional DM-RS position
	SNR
(dB)

	
	
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-12
	pos1
	-2.3

	
	2
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-12
	pos1
	10.7

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A5-12
	pos1
	13.1

	
	
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-12
	pos1
	-5.4

	1
	4
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-12
	pos1
	6.9

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A5-12
	pos1
	9.2

	
	
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-12
	pos1
	-8.4

	
	8
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-12
	pos1
	3.7

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A5-12
	pos1
	6.2

	
	2
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-26
	pos1
	2.1

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-26
	pos1
	19.0

	2
	4
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-26
	pos1
	-1.5

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-26
	pos1
	12.0

	
	8
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-26
	pos1
	-4.6

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-26
	pos1
	7.8



Table 8.2.1.5-13: Test requirements for PUSCH with 70% of maximum throughput, Type B, 40 MHz channel bandwidth, 30 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and correlation matrix (annex G)
	Fraction of maximum throughput
	FRC
(annex A)
	Additional DM-RS position
	SNR
(dB)

	
	
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-13
	pos1
	-1.9

	
	2
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-13
	pos1
	10.6

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A5-13
	pos1
	13.1

	
	
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-13
	pos1
	-5.2

	1
	4
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-13
	pos1
	6.8

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A5-13
	pos1
	9.3

	
	
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-13
	pos1
	-8.2

	
	8
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-13
	pos1
	3.6

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A5-13
	pos1
	6.1

	
	2
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-27
	pos1
	2.5

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-27
	pos1
	19.5

	2
	4
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-27
	pos1
	-1.3

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-27
	pos1
	12.0

	
	8
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-27
	pos1
	-4.4

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-27
	pos1
	7.7



Table 8.2.1.5-14: Test requirements for PUSCH with 70% of maximum throughput, Type B, 100 MHz channel bandwidth, 30 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and correlation matrix (annex G)
	Fraction of maximum throughput
	FRC
(annex A)
	Additional DM-RS position
	SNR
(dB)

	
	
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-14
	pos1
	-1.9

	
	2
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-14
	pos1
	10.7

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A5-14
	pos1
	13.7

	
	
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-14
	pos1
	-5.2

	1
	4
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-14
	pos1
	6.9

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A5-14
	pos1
	9.8

	
	
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-14
	pos1
	-8.1

	
	8
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-14
	pos1
	3.7

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A5-14
	pos1
	6.5

	
	2
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-28
	pos1
	2.4

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-28
	pos1
	20.1

	2
	4
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-28
	pos1
	-1.4

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-28
	pos1
	12.4

	
	8
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-28
	pos1
	-4.5

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-28
	pos1
	7.9



Table 8.2.1.5-15: Test requirements for PUSCH with 30% of maximum throughput, Type A, 5 MHz channel bandwidth, 15 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and correlation matrix (annex G)
	Fraction of maximum throughput
	FRC
(annex A)
	Additional DM-RS position
	SNR
(dB)

	1
	2
	Normal
	TDLC300-100 Low
	30 %
	G-FR1-A4-8
	pos1
	3.5



Table 8.2.1.5-16: Test requirements for PUSCH with 30% of maximum throughput, Type A, 10 MHz channel bandwidth, 30 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and correlation matrix (annex G)
	Fraction of maximum throughput
	FRC
(annex A)
	Additional DM-RS position
	SNR
(dB)

	1
	2
	Normal
	TDLC300-100 Low
	30 %
	G-FR1-A4-11
	pos1
	3.4



Table 8.2.1.5-17: Test requirements for PUSCH with 30% of maximum throughput, Type B, 5 MHz channel bandwidth, 15 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and correlation matrix (annex G)
	Fraction of maximum throughput
	FRC
(annex A)
	Additional DM-RS position
	SNR
(dB)

	1
	2
	Normal
	TDLC300-100 Low
	30 %
	G-FR1-A4-8
	pos1
	3.4



Table 8.2.1.5-18: Test requirements for PUSCH with 30% of maximum throughput, Type B, 10 MHz channel bandwidth, 30 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and correlation matrix (annex G)
	Fraction of maximum throughput
	FRC
(annex A)
	Additional DM-RS position
	SNR
(dB)

	1
	2
	Normal
	TDLC300-100 Low
	30 %
	G-FR1-A4-11
	pos1
	3.5



[bookmark: _Toc21100116][bookmark: _Toc29809914][bookmark: _Toc36645299][bookmark: _Toc37272353][bookmark: _Toc45884599][bookmark: _Toc53182623][bookmark: _Toc58860367][bookmark: _Toc61182492]8.2.2	Performance requirements for PUSCH with transform precoding enabled
[bookmark: _Toc21100117][bookmark: _Toc29809915][bookmark: _Toc36645300][bookmark: _Toc37272354][bookmark: _Toc45884600][bookmark: _Toc53182624][bookmark: _Toc58860368][bookmark: _Toc61182493]8.2.2.1	Definition and applicability
The performance requirement of PUSCH is determined by a minimum required throughput for a given SNR. The required throughput is expressed as a fraction of maximum throughput for the FRCs listed in annex A. The performance requirements assume HARQ re-transmissions.
Which specific test(s) are applicable to BS is based on the test applicability rules defined in clause 8.1.2.
[bookmark: _Toc21100118][bookmark: _Toc29809916][bookmark: _Toc36645301][bookmark: _Toc37272355][bookmark: _Toc45884601][bookmark: _Toc53182625][bookmark: _Toc58860369][bookmark: _Toc61182494]8.2.2.2	Minimum Requirement
The minimum requirement is in TS 38.104 [2] clause 8.2.2.
[bookmark: _Toc21100119][bookmark: _Toc29809917][bookmark: _Toc36645302][bookmark: _Toc37272356][bookmark: _Toc45884602][bookmark: _Toc53182626][bookmark: _Toc58860370][bookmark: _Toc61182495]8.2.2.3	Test Purpose
The test shall verify the receiver's ability to achieve throughput under multipath fading propagation conditions for a given SNR.
[bookmark: _Toc21100120][bookmark: _Toc29809918][bookmark: _Toc36645303][bookmark: _Toc37272357][bookmark: _Toc45884603][bookmark: _Toc53182627][bookmark: _Toc58860371][bookmark: _Toc61182496]8.2.2.4	Method of test
[bookmark: _Toc21100121][bookmark: _Toc29809919][bookmark: _Toc36645304][bookmark: _Toc37272358][bookmark: _Toc45884604][bookmark: _Toc53182628][bookmark: _Toc58860372][bookmark: _Toc61182497]8.2.2.4.1	Initial Conditions
Test environment: Normal, see annex B.2.
RF channels to be tested for single carrier: M; see clause 4.9.1.
[bookmark: _Toc13084620][bookmark: _Toc29809920][bookmark: _Toc36645305][bookmark: _Toc37272359][bookmark: _Toc45884605][bookmark: _Toc53182629][bookmark: _Toc58860373][bookmark: _Toc61182498]8.2.2.4.2	Procedure
1)	Connect the BS tester generating the wanted signal, multipath fading simulators and AWGN generators to all BS antenna connectors for diversity reception via a combining network as shown in annex D.5 and D.6 for BS type 1-C and type 1-H respectively.
2)	Adjust the AWGN generator, according to the SCS and channel bandwidth, defined in table 8.2.2.4.2-1.
Table 8.2.2.4.2-1: AWGN power level at the BS input
	Sub-carrier spacing (kHz)
	Channel bandwidth (MHz)
	AWGN power level

	15 
	5
	-86.5 dBm / 4.5MHz

	30 
	10
	-83.6 dBm / 8.64MHz



3)	The characteristics of the wanted signal shall be configured according to the corresponding UL reference measurement channel defined in annex A and the test parameters in table 8.2.2.4.2-2.
Table 8.2.2.4.2-2: Test parameters for testing PUSCH
	Parameter
	Value

	Transform precoding
	Enabled

	Default TDD UL-DL pattern (Note 1)
	15 kHz SCS:
3D1S1U, S=10D:2G:2U
30 kHz SCS:
7D1S2U, S=6D:4G:4U

	HARQ
	Maximum number of HARQ transmissions
	4

	
	RV sequence
	0, 2, 3, 1

	DM-RS
	DM-RS configuration type
	1

	
	DM-RS duration
	single-symbol DM-RS

	
	Additional DM-RS position
	pos1

	
	Number of DM-RS CDM group(s) without data
	2

	
	Ratio of PUSCH EPRE to DM-RS EPRE
	-3 dB

	
	DM-RS port(s)
	0

	
	DM-RS sequence generation
	NID0=0, group hopping and sequence hopping are disabled

	Time domain resource assignment
	PUSCH mapping type
	A, B

	
	Start symbol
	0

	
	Allocation length
	14

	Frequency domain resource assignment
	RB assignment
	15 kHz SCS: 25 PRBs in the middle of the test bandwidth
 30 kHz SCS: 24 PRBs in the middle of the test bandwidth

	
	Frequency hopping
	Disabled

	Code block group based PUSCH transmission
	Disabled

	NOTE 1:	The same requirements are applicable to FDD and TDD with different UL-DL patterns.



[bookmark: _Toc21100123]4)	The multipath fading emulators shall be configured according to the corresponding channel model defined in annex G.
5)	Adjust the equipment so that required SNR specified in table 8.2.2.5-1 to 8.2.2.5-4 is achieved at the BS input.
6)	For each of the reference channels in table 8.2.2.5-1 to 8.2.2.5-4 applicable for the base station, measure the throughput.
[bookmark: _Toc29809921][bookmark: _Toc36645306][bookmark: _Toc37272360][bookmark: _Toc45884606][bookmark: _Toc53182630][bookmark: _Toc58860374][bookmark: _Toc61182499]8.2.2.5	Test Requirement
The throughput measured according to clause 8.2.2.4.2 shall not be below the limits for the SNR levels specified in table 8.2.2.5-1 to 8.2.2.5-4.
Table 8.2.2.5-1: Test requirements for PUSCH with 70% of maximum throughput, Type A, 5 MHz channel bandwidth, 15 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and correlation matrix (annex G)
	Fraction of maximum throughput
	FRC
(annex A)
	Additional DM-RS position
	SNR
(dB)

	
	2
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-31
	pos1
	-1.8

	1
	4
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-31
	pos1
	-5.1

	
	8
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-31
	pos1
	-7.9



Table 8.2.2.5-2: Test requirements for PUSCH with 70% of maximum throughput, Type A, 10 MHz channel bandwidth, 30 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and correlation matrix (annex G)
	Fraction of maximum throughput
	FRC
(annex A)
	Additional DM-RS position
	SNR
(dB)

	
	2
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-32
	pos1
	-1.9

	1
	4
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-32
	pos1
	-5.1

	
	8
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-32
	pos1
	-7.8



Table 8.2.2.5-3: Test requirements for PUSCH with 70% of maximum throughput, Type B, 5 MHz channel bandwidth, 15 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and correlation matrix (annex G)
	Fraction of maximum throughput
	FRC
(annex A)
	Additional DM-RS position
	SNR
(dB)

	
	2
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-31
	pos1
	-1.7

	1
	4
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-31
	pos1
	-5.2

	
	8
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-31
	pos1
	-8.0



Table 8.2.2.5-4: Test requirements for PUSCH with 70% of maximum throughput, Type B, 10 MHz channel bandwidth, 30 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and correlation matrix (annex G)
	Fraction of maximum throughput
	FRC
(annex A)
	Additional DM-RS position
	SNR
(dB)

	
	2
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-32
	pos1
	-2.1

	1
	4
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-32
	pos1
	-5.4

	
	8
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-32
	pos1
	-8.2



[bookmark: _Toc21100124][bookmark: _Toc29809922][bookmark: _Toc36645307][bookmark: _Toc37272361][bookmark: _Toc45884607][bookmark: _Toc53182631][bookmark: _Toc58860375][bookmark: _Toc61182500]8.2.3	Performance requirements for UCI multiplexed on PUSCH
[bookmark: _Toc21100125][bookmark: _Toc29809923][bookmark: _Toc36645308][bookmark: _Toc37272362][bookmark: _Toc45884608][bookmark: _Toc53182632][bookmark: _Toc58860376][bookmark: _Toc61182501]8.2.3.1	Definition and applicability
The performance requirement of UCI multiplexed on PUSCH is determined by two parameters: block error probability (BLER) of CSI part 1 and block error probability of CSI part 2. The performance is measured by the required SNR at block error probability of CSI part 1 not exceeding 0.1 %, and the required SNR at block error probability of CSI part 2 not exceeding 1 %.
The CSI part 1 BLER is defined as the probability of incorrectly decoding the CSI part 1 information when the CSI part 1 information is sent.
The CSI part 2 BLER is defined as the probability of incorrectly decoding the CSI part 2 information when the CSI part 2 information is sent.
In the test of UCI multiplexed on PUSCH, the UCI information only contains CSI part 1 and CSI part 2 information, there is no HACK/ACK information transmitted.
The number of UCI information bit payload per slot is defined for two cases as follows:
-	7 bits:  5 bits in CSI part 1, 2 bits in CSI part 2,
-	40 bits: 20 bits in CSI part 1, 20 bits in CSI part 2.
The 7 bits UCI information case is further defined with the bitmap [c0 c1 c2 c3 c4] = [0 1 0 1 0] for CSI part 1 information, where c0 is mapping to the RI information, and with the bitmap [c0 c1] = [1 0] for CSI part 2 information.
The 40 bits UCI information case is assumed random information bit selection.
In both tests, PUSCH data, CSI part 1 and CSI part 2 are transmitted simultaneously.
Which specific test(s) is applicable to BS is based on the test applicability rule defined in clause 8.1.2.
[bookmark: _Toc21100126][bookmark: _Toc29809924][bookmark: _Toc36645309][bookmark: _Toc37272363][bookmark: _Toc45884609][bookmark: _Toc53182633][bookmark: _Toc58860377][bookmark: _Toc61182502]8.2.3.2	Minimum Requirements
The minimum requirements are in TS 38.104 [2] clause 8.2.3.
[bookmark: _Toc21100127][bookmark: _Toc29809925][bookmark: _Toc36645310][bookmark: _Toc37272364][bookmark: _Toc45884610][bookmark: _Toc53182634][bookmark: _Toc58860378][bookmark: _Toc61182503]8.2.3.3	Test purpose
The test shall verify the receiver's ability to detect UCI with CSI part 1 and CSI part 2 bits multiplexed on PUSCH under multipath fading propagation conditions for a given SNR.
[bookmark: _Toc21100128][bookmark: _Toc29809926][bookmark: _Toc36645311][bookmark: _Toc37272365][bookmark: _Toc45884611][bookmark: _Toc53182635][bookmark: _Toc58860379][bookmark: _Toc61182504]8.2.3.4	Method of test
[bookmark: _Toc21100129][bookmark: _Toc29809927][bookmark: _Toc36645312][bookmark: _Toc37272366][bookmark: _Toc45884612][bookmark: _Toc53182636][bookmark: _Toc58860380][bookmark: _Toc61182505]8.2.3.4.1	Initial conditions
Test environment: Normal, see annex B.2.
[bookmark: _Toc21100130]RF channels to be tested for single carrier: M; see clause 4.9.1.
[bookmark: _Toc29809928][bookmark: _Toc36645313][bookmark: _Toc37272367][bookmark: _Toc45884613][bookmark: _Toc53182637][bookmark: _Toc58860381][bookmark: _Toc61182506]8.2.3.4.2	Procedure
1)	Connect the BS tester generating the wanted signal, multipath fading simulators and AWGN generators to all BS antenna connectors for diversity reception via a combining network as shown in annex D.5 and D.6 for BS type 1-C and type 1-H respectively.
2)	Adjust the AWGN generator, according to combination of SCS and channel bandwidth defined in table 8.2.3.4.2-1.
Table 8.2.3.4.2-1: AWGN power level at the BS input
	Sub-carrier spacing (kHz)
	Channel bandwidth (MHz)
	AWGN power level

	30 
	10
	-80.6 dBm / 8.64 MHz



3)	The characteristics of the wanted signal shall be configured according to the corresponding UL reference measurement channel defined in annex A and the specific test parameters are configured as below. The UCI information bit payload per slot is equal to 7 bits with CSI part 1 5bits, CSI part 2 2bit; and the UCI information bit payload per slot is equal to 40 bits with CSI part 1 20bits, CSI part 2 20bits.
Table: 8.2.3.4.2-2: Test parameters for testing UCI multiplexed on PUSCH
	Parameter
	Value

	Transform precoding
	Disabled

	Default TDD UL-DL pattern (Note 1)
	30 kHz SCS:
7D1S2U, S=6D:4G:4U

	HARQ
	Maximum number of HARQ transmissions
	1

	
	RV sequence
	0

	DM-RS
	DM-RS configuration type
	1

	
	DM-RS duration
	Single-symbol DM-RS

	
	Additional DM-RS position
	pos1

	
	Number of DM-RS CDM group(s) without data
	2

	
	Ratio of PUSCH EPRE to DM-RS EPRE
	-3 dB

	
	DM-RS port(s)
	{0}

	
	DM-RS sequence generation
	NID0 = 0, nSCID = 0

	Time domain resource assignment
	PUSCH mapping type
	A, B

	
	Start symbol
	0

	
	Allocation length
	14

	Frequency domain resource assignment
	RB assignment
	Full applicable test bandwidth

	
	Frequency hopping
	Disabled

	Code block group based PUSCH transmission
	Disabled

	
	Number of CSI part 1 and CSI part 2 information bit payload
	{5,2}, {20, 20}

	
	scaling 
	1

	
	betaOffsetACK-Index1
	11

	UC
	betaOffsetCSI-Part1-Index1 and betaOffsetCSI-Part1-Index2
	13

	
	betaOffsetCSI-Part2-Index1 and betaOffsetCSI-Part2-Index2
	13

	
	UCI partition for frequency hopping 
	Disabled

	NOTE 1:	The same requirements are applicable to FDD and TDD with different UL-DL patterns.



[bookmark: _Toc21100131]4)	The multipath fading emulators shall be configured according to the corresponding channel model defined in annex G.
5)	Adjust the equipment so that required SNR specified in table 8.2.3.5-1 to 8.2.3.5-4 is achieved at the BS input during the UCI multiplexed on PUSCH transmissions.
6)	The signal generators sends a test pattern where UCI with CSI part 1 and CSI part 2 information can be multiplexed on PUSCH. The following statistics are kept: the number of incorrectly decoded CSI part 1 information transmission, the number of incorrectly decoded CSI part 2 information transmission during UCI multiplexed on PUSCH transmission.
[bookmark: _Toc29809929][bookmark: _Toc36645314][bookmark: _Toc37272368][bookmark: _Toc45884614][bookmark: _Toc53182638][bookmark: _Toc58860382][bookmark: _Toc61182507]8.2.3.5	Test Requirement
The fractional of incorrectly decoded UCI with CSI part 1 according to clause 8.2.3.4.2 shall be less than 0.1 % for SNR listed in table 8.2.3.5-1 and table 8.2.3.5-2. The fractional of incorrectly decoded UCI with CSI part 2 according to clause 8.2.3.4.2 shall be less than 1 % for SNR listed in table 8.2.3.5-3 and table 8.2.3.5-4.
Table 8.2.3.5-1: Test requirements for UCI multiplexed on PUSCH, Type A, CSI part 1, 10 MHz channel bandwidth, 30 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic Prefix
	Propagation conditions and correlation matrix (Annex G)
	UCI bits
(CSI part 1, CSI part 2)
	Additional DM-RS position
	FRC
(Annex A)
	SNR (dB)

	1
	2
	Normal
	TDLC300-100 Low
	7 (5, 2)
	pos1
	G-FR1-A4-11
	6.0

	
	2
	Normal
	TDLC300-100 Low
	40 (20,20)
	pos1
	G-FR1-A4-11
	4.9



Table 8.2.3.5-2: Test requirements for UCI multiplexed on PUSCH, Type B, CSI part 1, 10 MHz channel bandwidth, 30 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic Prefix
	Propagation conditions and correlation matrix (Annex G)
	UCI bits
(CSI part 1, CSI part 2)
	Additional DM-RS position
	FRC
(Annex A)
	SNR (dB)

	1
	2
	Normal
	TDLC300-100 Low
	7 (5, 2)
	pos1
	G-FR1-A4-11
	6.4

	
	2
	Normal
	TDLC300-100 Low
	40 (20,20)
	pos1
	G-FR1-A4-11
	4.7



Table 8.2.3.5-3: Test requirements for UCI multiplexed on PUSCH, Type A, CSI part 2, 10 MHz channel bandwidth, 30 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic Prefix
	Propagation conditions and correlation matrix (Annex G)
	UCI bits
(CSI part 1, CSI part 2)
	Additional DM-RS position
	FRC
(Annex A)
	SNR (dB)

	1
	2
	Normal
	TDLC300-100 Low
	7 (5, 2)
	pos1
	G-FR1-A4-11
	0.4

	
	2
	Normal
	TDLC300-100 Low
	40 (20,20)
	pos1
	G-FR1-A4-11
	3.0



Table 8.2.3.5-4: Test requirements for UCI multiplexed on PUSCH, Type B, CSI part 2, 10 MHz channel bandwidth, 30 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic Prefix
	Propagation conditions and correlation matrix (Annex G)
	UCI bits
(CSI part 1, CSI part 2)
	Additional DM-RS position
	FRC
(Annex A)
	SNR (dB)

	1
	2
	Normal
	TDLC300-100 Low
	7 (5, 2)
	pos1
	G-FR1-A4-11
	0.9

	
	2
	Normal
	TDLC300-100 Low
	40 (20,20)
	pos1
	G-FR1-A4-11
	3.2



[bookmark: _Toc5282889][bookmark: _Toc36645315][bookmark: _Toc37272369][bookmark: _Toc45884615][bookmark: _Toc53182639][bookmark: _Toc58860383][bookmark: _Toc61182508][bookmark: _Toc13079726][bookmark: _Toc21100132][bookmark: _Toc29809930]8.2.4	Performance requirements for PUSCH for high speed train
[bookmark: _Toc5282890][bookmark: _Toc36645316][bookmark: _Toc37272370][bookmark: _Toc45884616][bookmark: _Toc53182640][bookmark: _Toc58860384][bookmark: _Toc61182509]8.2.4.1	Definition and applicability
The performance requirement of PUSCH is determined by a minimum required throughput for a given SNR. The required throughput is expressed as a fraction of maximum throughput for the FRCs listed in annex A. The performance requirements assume HARQ re-transmissions. The performance requirements for high speed train conditions are optional.
Which specific test(s) are applicable to BS is based on the test applicability rules defined in clause 8.1.2.1 and clause 8.1.2.4. 
The performance requirements for PUSCH for high speed train only apply to Wide Area Base Stations and Medium Range Base Stations (Subject to declaration).
[bookmark: _Toc5282891][bookmark: _Toc36645317][bookmark: _Toc37272371][bookmark: _Toc45884617][bookmark: _Toc53182641][bookmark: _Toc58860385][bookmark: _Toc61182510]8.2.4.2	Minimum Requirement
The minimum requirement is in TS 38.104 [2] clause 8.2.4.
[bookmark: _Toc5282892][bookmark: _Toc36645318][bookmark: _Toc37272372][bookmark: _Toc45884618][bookmark: _Toc53182642][bookmark: _Toc58860386][bookmark: _Toc61182511]8.2.4.3	Test Purpose
The test shall verify the receiver's ability to achieve throughput under high speed train conditions for a given SNR.
[bookmark: _Toc5282893][bookmark: _Toc36645319][bookmark: _Toc37272373][bookmark: _Toc45884619][bookmark: _Toc53182643][bookmark: _Toc58860387][bookmark: _Toc61182512]8.2.4.4	Method of test
[bookmark: _Toc5282894][bookmark: _Toc36645320][bookmark: _Toc37272374][bookmark: _Toc45884620][bookmark: _Toc53182644][bookmark: _Toc58860388][bookmark: _Toc61182513]8.2.4.4.1	Initial Conditions
Test environment:	Normal, see annex B.2.
RF channels to be tested:	M; see clause 4.9.1.
RF channels to be tested for carrier aggregation: MBW Channel CA; see clause 4.9.1.
[bookmark: _Toc5282895][bookmark: _Toc36645321][bookmark: _Toc37272375][bookmark: _Toc45884621][bookmark: _Toc53182645][bookmark: _Toc58860389][bookmark: _Toc61182514]8.2.4.4.2	Procedure
1)	Connect the BS tester generating the wanted signal, channel simulators and AWGN generators to all BS antenna connectors (depending on HST scenario) for diversity reception via a combining network as shown in annex D.5 and D.6 for BS type 1-C and type 1-H respectively.
2)	Adjust the AWGN generator, according to the channel bandwidth, defined in table 8.2.4.4.2-1.
Table 8.2.4.4.2-1: AWGN power level at the BS input
	Sub-carrier spacing (kHz)
	Channel bandwidth (MHz)
	AWGN power level

	15 kHz
	5
	-86.5dBm / 4.5MHz

	
	10
	-83.3 dBm / 9.36MHz

	30 kHz
	10
	-83.6dBm / 8.64MHz

	
	40
	-77.2 dBm / 38.16MHz



3)	The characteristics of the wanted signal shall be configured according to the corresponding UL reference measurement channel defined in annex A and the test parameters in table 8.2.4.4.2-2.
Table 8.2.4.4.2-2: Test parameters for testing high speed train PUSCH
	Parameter
	Value

	Transform precoding
	Disabled

	Uplink-downlink allocation for TDD (Note 1)
	15 kHz SCS:
3D1S1U, S=10D:2G:2U
30 kHz SCS:
7D1S2U, S=6D:4G:4U

	HARQ
	Maximum number of HARQ transmissions
	4

	
	RV sequence
	0, 2, 3, 1

	DM-RS
	DM-RS configuration type
	1

	
	DM-RS duration
	single-symbol DM-RS

	
	First DM-RS position
	pos2 or pos3 (NOTE2)

	
	Additional DM-RS position
	pos2

	
	Number of DM-RS CDM group(s) without data
	2

	
	Ratio of PUSCH EPRE to DM-RS EPRE
	-3 dB

	
	DM-RS port
	{0}

	
	DM-RS sequence generation
	NID0=0, nSCID =0

	Time domain resource assignment
	PUSCH mapping type
	A

	
	Start symbol
	0 

	
	Allocation length
	14 

	Frequency domain resource assignment
	RB assignment
	Full applicable test bandwidth

	
	Frequency hopping
	Disabled

	Code block group based PUSCH transmission
	Disabled

	NOTE 1:	The same requirements are applicable to FDD and TDD with different UL-DL patterns.
NOTE 2:	Either pos2 or pos3 may be selected for conformance testing.



[bookmark: _Toc5282896][bookmark: _Toc36645322][bookmark: _Toc37272376][bookmark: _Toc45884622][bookmark: _Toc53182646]4)	The channel simulators shall be configured according to the corresponding channel model defined in annex G.
5)	Adjust the equipment so that required SNR specified in table 8.2.4.5-1 to 8.2.4.5-10 is achieved at the BS input.
6)	For each of the reference channels in table 8.2.4.5-1 to 8.2.4.5-10 applicable for the base station, measure the throughput.
[bookmark: _Toc58860390][bookmark: _Toc61182515]8.2.4.5	Test Requirement
The throughput measured according to clause 8.2.4.4.2 shall not be below the limits for the SNR levels specified in table 8.2.4.5-1 to 8.2.4.5-10. Unless stated otherwise, the MIMO correlation matrices for the gNB are defined in annex G for low correlation.
Table 8.2.4.5-1: Test requirements for PUSCH, Type A, 10 MHz channel bandwidth, 15 kHz SCS, 350km/h
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions 
(Annex G)
	Fraction of maximum throughput
	FRC
(Annex A)
	Additional DM-RS position
	SNR
(dB)

	
	1
	Normal
	HST Scenario 3-NR350
	70 %
	G-FR1-A3-33
	pos2
	[-0.5]

	
	
	Normal
	HST Scenario 1-NR350
	70 %
	G-FR1-A3-33
	pos2
	-3.4

	
	2
	Normal
	HST Scenario 1-NR350
	70 %
	G-FR1-A4-29
	pos2
	8.7

	1
	
	Normal
	HST Scenario 3-NR350
	70 %
	G-FR1-A3-33
	pos2
	-3.3

	
	
	Normal
	HST Scenario 3-NR350
	70 %
	G-FR1-A4-29
	pos2
	9.0

	
	8
	Normal
	HST Scenario 1-NR350
	70 %
	G-FR1-A3-33
	pos2
	-8.9

	
	
	Normal
	HST Scenario 1-NR350
	70 %
	G-FR1-A4-29
	pos2
	2.9



Table 8.2.4.5-2: Test requirements for PUSCH, Type A, 40 MHz channel bandwidth, 30 kHz SCS, 350km/h
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions 
(Annex G)
	Fraction of maximum throughput
	FRC
(Annex A)
	Additional DM-RS position
	SNR
(dB)

	
	1
	Normal
	HST Scenario 3-NR350
	70%
	G-FR1-A3-34
	pos2
	[-0.5]

	
	
	Normal
	HST Scenario 1-NR350
	70 %
	G-FR1-A3-34
	pos2
	-3.4

	
	2
	Normal
	HST Scenario 1-NR350
	70 %
	G-FR1-A4-30
	pos2
	8.8

	1
	
	Normal
	HST Scenario 3-NR350
	70 %
	G-FR1-A3-34
	pos2
	-3.3

	
	
	Normal
	HST Scenario 3-NR350
	70 %
	G-FR1-A4-30
	pos2
	9.0

	
	8
	Normal
	HST Scenario 1-NR350
	70 %
	G-FR1-A3-34
	pos2
	-8.8

	
	
	Normal
	HST Scenario 1-NR350
	70 %
	G-FR1-A4-30
	pos2
	3.0



Table 8.2.4.5-3: Test requirements for PUSCH, Type A, 10 MHz channel bandwidth, 15 kHz SCS, 500km/h
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions 
(Annex G)
	Fraction of maximum throughput
	FRC
(Annex A)
	Additional DM-RS position
	SNR
(dB)

	
	1
	Normal
	HST Scenario 3-NR500
	70%
	G-FR1-A3-33
	pos2
	[-0.4]

	
	
	Normal
	HST Scenario 1-NR500
	70 %
	G-FR1-A3-33
	pos2
	-3.6

	
	2
	Normal
	HST Scenario 1-NR500
	70 %
	G-FR1-A4-29
	pos2
	8.8

	1
	
	Normal
	HST Scenario 3-NR500
	70 %
	G-FR1-A3-33
	pos2
	-3.3

	
	
	Normal
	HST Scenario 3-NR500
	70 %
	G-FR1-A4-29
	pos2
	9.5

	
	8
	Normal
	HST Scenario 1-NR500
	70 %
	G-FR1-A3-33
	pos2
	-9.1

	
	
	Normal
	HST Scenario 1-NR500
	70 %
	G-FR1-A4-29
	pos2
	3.0



Table 8.2.4.5-4: Test requirements for PUSCH, Type A, 40 MHz channel bandwidth, 30 kHz SCS, 500km/h
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions 
(Annex G)
	Fraction of maximum throughput
	FRC
(Annex A)
	Additional DM-RS position
	SNR
(dB)

	
	1
	Normal
	HST Scenario 3-NR500
	70%
	G-FR1-A3-34
	pos2
	[-0.4]

	
	
	Normal
	HST Scenario 1-NR500
	70 %
	G-FR1-A3-34
	pos2
	-3.6

	
	2
	Normal
	HST Scenario 1-NR500
	70 %
	G-FR1-A4-30
	pos2
	9.0

	1
	
	Normal
	HST Scenario 3-NR500
	70 %
	G-FR1-A3-34
	pos2
	-3.3

	
	
	Normal
	HST Scenario 3-NR500
	70 %
	G-FR1-A4-30
	pos2
	8.3

	
	8
	Normal
	HST Scenario 1-NR500
	70 %
	G-FR1-A3-34
	pos2
	-8.9

	
	
	Normal
	HST Scenario 1-NR500
	70 %
	G-FR1-A4-30
	pos2
	3.1



[bookmark: _Toc36645323][bookmark: _Toc37272377][bookmark: _Toc45884623]Table 8.2.4.5-5: Test requirements for PUSCH, Type A, 5 MHz channel bandwidth, 15 kHz SCS, 350km/h
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions 
(Annex G)
	Fraction of maximum throughput
	FRC
(Annex A)
	Additional DM-RS position
	SNR
(dB)

	
	1
	Normal
	HST Scenario 3-NR350
	70%
	G-FR1-A3-33A
	pos2
	[-0.4]

	
	
	Normal
	HST Scenario 1-NR350
	70%
	G-FR1-A3-33A
	pos2
	[-3.4]

	
	2
	Normal
	HST Scenario 1-NR350
	70%
	G-FR1-A4-29A
	pos2
	[8.8]

	1
	
	Normal
	HST Scenario 3-NR350
	70%
	G-FR1-A3-33A
	pos2
	[-3.3]

	
	
	Normal
	HST Scenario 3-NR350
	70%
	G-FR1-A4-29A
	pos2
	[8.8]

	
	8
	Normal
	HST Scenario 1-NR350
	70%
	G-FR1-A3-33A
	pos2
	[-8.8]

	
	
	Normal
	HST Scenario 1-NR350
	70%
	G-FR1-A4-29A
	pos2
	[3.1]



Table 8.2.4.5-6: Test requirements for PUSCH, Type A, 10 MHz channel bandwidth, 30 kHz SCS, 350km/h
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions 
(Annex G)
	Fraction of maximum throughput
	FRC
(Annex A)
	Additional DM-RS position
	SNR
(dB)

	
	1
	Normal
	HST Scenario 3-NR350
	70 %
	G-FR1-A3-34A
	pos2
	[-0.5]

	
	
	Normal
	HST Scenario 1-NR350
	70 %
	G-FR1-A3-34A
	pos2
	[-3.4]

	
	2
	Normal
	HST Scenario 1-NR350
	70 %
	G-FR1-A4-30A
	pos2
	[8.6]

	1
	
	Normal
	HST Scenario 3-NR350
	70 %
	G-FR1-A3-34A
	pos2
	[-3.4]

	
	
	Normal
	HST Scenario 3-NR350
	70 %
	G-FR1-A4-30A
	pos2
	[8.7]

	
	8
	Normal
	HST Scenario 1-NR350
	70 %
	G-FR1-A3-34A
	pos2
	[-8.9]

	
	
	Normal
	HST Scenario 1-NR350
	70 %
	G-FR1-A4-30A
	pos2
	[2.8]



Table 8.2.4.5-7: Test requirements for PUSCH, Type A, 5 MHz channel bandwidth, 15 kHz SCS, 500km/h
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions 
(Annex G)
	Fraction of maximum throughput
	FRC
(Annex A)
	Additional DM-RS position
	SNR
(dB)

	
	1
	Normal
	HST Scenario 3-NR500
	70 %
	G-FR1-A3-33A
	pos2
	[-0.3]

	
	
	Normal
	HST Scenario 1-NR500
	70 %
	G-FR1-A3-33A
	pos2
	[-3.3]

	
	2
	Normal
	HST Scenario 1-NR500
	70 %
	G-FR1-A4-29A
	pos2
	[9.0]

	1
	
	Normal
	HST Scenario 3-NR500
	70 %
	G-FR1-A3-33A
	pos2
	[-3.2]

	
	
	Normal
	HST Scenario 3-NR500
	70 %
	G-FR1-A4-29A
	pos2
	[9.1]

	
	8
	Normal
	HST Scenario 1-NR500
	70 %
	G-FR1-A3-33A
	pos2
	[-8.8]

	
	
	Normal
	HST Scenario 1-NR500
	70 %
	G-FR1-A4-29A
	pos2
	[3.3]



Table 8.2.4.5-8: Test requirements for PUSCH, Type A, 10 MHz channel bandwidth, 30 kHz SCS, 500km/h
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions 
(Annex G)
	Fraction of maximum throughput
	FRC
(Annex A)
	Additional DM-RS position
	SNR
(dB)

	
	1
	Normal
	HST Scenario 3-NR500
	70 %
	G-FR1-A3-34A
	pos2
	[-0.4]

	
	
	Normal
	HST Scenario 1-NR500
	70 %
	G-FR1-A3-34A
	pos2
	[-3.4]

	
	2
	Normal
	HST Scenario 1-NR500
	70 %
	G-FR1-A4-30A
	pos2
	[8.8]

	1
	
	Normal
	HST Scenario 3-NR500
	70 %
	G-FR1-A3-34A
	pos2
	[-3.3]

	
	
	Normal
	HST Scenario 3-NR500
	70 %
	G-FR1-A4-30A
	pos2
	[8.7]

	
	8
	Normal
	HST Scenario 1-NR500
	70 %
	G-FR1-A3-34A
	pos2
	[-8.9]

	
	
	Normal
	HST Scenario 1-NR500
	70 %
	G-FR1-A4-30A
	pos2
	[3.0]



Table 8.2.4.5-9: Test requirements for PUSCH, Type A, 5 MHz channel bandwidth, 15 kHz SCS, multi-path fading channel under high Doppler value
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions 
(Annex G)
	Fraction of maximum throughput
	FRC
(Annex A)
	Additional DM-RS position
	SNR
(dB)

	1
	2
	Normal
	TDLC300-600
	70 %
	G-FR1-A3-33A
	pos2
	[-1.3]



Table 8.2.4.5-10: Test requirements for PUSCH, Type A, 10 MHz channel bandwidth, 30 kHz SCS, multi-path fading channel under high Doppler value
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions 
(Annex G)
	Fraction of maximum throughput
	FRC
(Annex A)
	Additional DM-RS position
	SNR
(dB)

	1
	2
	Normal
	TDLC300-1200
	70 %
	G-FR1-A3-34A
	pos2
	[-1.4]



[bookmark: _Toc53182647][bookmark: _Toc58860391][bookmark: _Toc61182516]8.2.5	Performance requirements for UL timing adjustment
[bookmark: _Toc53182648][bookmark: _Toc58860392][bookmark: _Toc61182517]8.2.5.1	Definition and applicability
The performance requirement of UL timing adjustment is determined by a minimum required throughput measured for the moving UE at given SNR. The performance requirements assume HARQ retransmissions. The performance requirements for UL timing adjustment scenario Y and scenario Z defined in Annex G.4 are optional.
In the tests for UL timing adjustment, two signals are configured, one being transmitted by a moving UE and the other being transmitted by a stationary UE. The transmission of SRS from UE is optional. FRC parameters in Table A.4-2B are applied for both UEs. The received power for both UEs is the same. The resource blocks allocated for both UEs are consecutive. In Scenario Y and Scenario Z, Doppler shift is not taken into account.
Which specific test(s) are applicable to BS is based on the test applicability rules defined in clause 8.1.2.1.
[bookmark: _Toc53182649][bookmark: _Toc58860393][bookmark: _Toc61182518]8.2.5.2	Minimum Requirement
The minimum requirement is in TS 38.104 [2] clause 8.2.5.
[bookmark: _Toc53182650][bookmark: _Toc58860394][bookmark: _Toc61182519]8.2.5.3	Test Purpose
The test shall verify the receiver's ability to achieve throughput measured for the moving UE at given SNR under moving propagation conditions.
[bookmark: _Toc53182651][bookmark: _Toc58860395][bookmark: _Toc61182520]8.2.5.4	Method of test
[bookmark: _Toc53182652][bookmark: _Toc58860396][bookmark: _Toc61182521]8.2.5.4.1	Initial Conditions
Test environment: Normal, see annex B.2.
RF channels to be tested: M; see clause 4.9.1.
RF channels to be tested for carrier aggregation: MBW Channel CA; see clause 4.9.1.
[bookmark: _Toc53182653][bookmark: _Toc58860397][bookmark: _Toc61182522]8.2.5.4.2	Procedure
1)	Connect the BS tester generating the wanted signal, multipath fading simulators and AWGN generators to all BS antenna connectors for diversity reception via a combining network as shown in annex D.5 and D.6 for BS type 1-C and type 1-H respectively.
2)	Adjust the AWGN generator, according to combination of SCS and channel bandwidth defined in table 8.2.5.4.2-1.
Table 8.2.5.4.2-1: AWGN power level at the BS input
	Sub-carrier spacing (kHz)
	Channel bandwidth (MHz)
	AWGN power level

	15
	5
	-86.5 dBm / 4.5MHz

	
	10
	-83.3 dBm / 9.36MHz

	30
	10
	-86.3 dBm / 8.64MHz

	
	40
	-77.2 dBm / 38.16MHz



3)	The characteristics of the wanted signals (transmitted by moving UE) shall be configured according to the corresponding UL reference measurement channel defined in annex A and the test parameters in Table 8.2.5.4.2-2.
Table 8.2.5.4.2-2 Test parameters for testing UL timing adjustment
	Parameter
	Value

	Transform precoding
	Disabled

	Uplink-downlink allocation for TDD
	15 kHz SCS:
3D1S1U, S=10D:2G:2U
30 kHz SCS:
7D1S2U, S=6D:4G:4U

	HARQ
	Maximum number of HARQ transmissions
	4

	
	RV sequence
	0, 2, 3, 1

	DM-RS
	DM-RS configuration type
	1

	
	DM-RS duration
	single-symbol DM-RS

	
	Additional DM-RS position
	pos2

	
	Number of DM-RS CDM group(s) without data
	2

	
	Ratio of PUSCH EPRE to DM-RS EPRE
	-3 dB

	
	DM-RS port(s)
	{0}

	
	DM-RS sequence generation
	NID0=0, nSCID =0 for moving UE
NID0=1, nSCID =1 for stationary UE

	Time domain resource assignment
	PUSCH mapping type
	A, B

	
	Allocation length
	14 

	Frequency domain resource assignment
	RB assignment
	5 MHz CBW/15kHz SCS: 12 RB for each UE
10MHz CBW/15kHz SCS: 25 RB for each UE
10MHz CBW/30kHz SCS: 12 RB for each UE 
40MHz CBW/30kHz SCS: 50 RB for each UE

	
	Starting PRB index
	Moving UE: 0 
Stationary UE: 12 for 5MHz CBW/15kHz SCS,
25 for 10 MHz CBW/15kHz SCS, 12 for 10MHz CBW/30kHz SCS and 50 for 40 MHz CBW/30kHz SCS

	
	Frequency hopping
	Disabled

	SRS resource allocation
	Slots in which sounding RS is transmitted (Note 1)
	For FDD: slot #1 in radio frames
For TDD: 
last symbol in slot #3  in radio frames for 15kHz
last symbol in slot #7  in radio frames for 30kHz

	
	SRS resource allocation
	15 kHz SCS:
C_SRS =5, B_SRS =0, for 20 RB
C_SRS = 11, B_SRS =0, for 40 RB
30 kHz SCS:
C_SRS =5, B_SRS =0, for 20 RB
C_SRS = 21, B_SRS =0, for 80 RB

	NOTE 1:	The transmission of SRS is optional. And the transmission comb and SRS periodic are configured as KTC = 2, and TSRS = 10 respectively.



[bookmark: _Toc53182654]4)	The multipath fading emulators shall be configured according to the corresponding channel model defined in annex G.4.
5)	Adjust the equipment so that required SNR specified in Table 8.2.5.5-1 to Table 8.2.5.5-2 is achieved at the BS input for high speed train.
	Adjust the equipment so that required SNR specified in Table 8.2.5.6-1 to Table 8.2.5.6-2 is achieved at the BS input for normal mode.
6)	For each of the reference channels in Table 8.2.5.5-1 to Table 8.2.5.5-2 applicable for the base station, measure the throughput for high speed train.
	For each of the reference channels in Table 8.2.5.6-1 to Table 8.2.5.6-2 applicable for the base station, measure the throughput for normal mode.
[bookmark: _Toc58860398][bookmark: _Toc61182523]8.2.5.5	Test Requirement for High Speed Train
The throughput shall be ≥ 70% of the maximum throughput of the reference measurement channel as specified in annex A for the moving UE at the SNR given in table 8.2.5.5-1 for mapping type A and table 8.2.5.5-2 for mapping type B respectively.
Table 8.2.5.5-1: Test requirements for UL timing adjustment with mapping type A for high speed train
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Channel Bandwidth [MHz]
	SCS [kHz]
	Moving propagation conditions and correlation matrix (Annex G)
	FRC
(Annex A)
	SNR
[dB]

	
	
	
	5
	15
	Scenario Y
	G-FR1-A4-31A
	[8.5]

	
	
	
	
	
	Scenario Z
	G-FR1-A4-31A
	[8.6]

	
	
	
	10
	15
	Scenario Y
	G-FR1-A4-31
	8.8

	1
	2
	Normal
	
	
	Scenario Z
	G-FR1-A4-31
	[8.7]

	
	
	
	10
	30
	Scenario Y
	G-FR1-A4-32A
	[8.6]

	
	
	
	
	
	Scenario Z
	G-FR1-A4-32A
	[8.6]

	
	
	
	40
	30
	Scenario Y
	G-FR1-A4-32
	8.7

	
	
	
	
	
	Scenario Z
	G-FR1-A4-32
	[8.8]



Table 8.2.5.5-2: Test requirements for UL timing adjustment with mapping type B for high speed train
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Channel Bandwidth [MHz]
	SCS [kHz]
	Moving propagation conditions and correlation matrix (Annex G)
	FRC
(Annex A)
	SNR
[dB]

	
	
	
	5
	15
	Scenario Y
	G-FR1-A4-31A
	[8.6]

	
	
	
	
	
	Scenario Z
	G-FR1-A4-31A
	[8.6]

	
	
	
	10
	15
	Scenario Y
	G-FR1-A4-31
	8.8

	1
	2
	Normal
	
	
	Scenario Z
	G-FR1-A4-31
	[8.8]

	
	
	
	10
	30
	Scenario Y
	G-FR1-A4-32A
	[8.6]

	
	
	
	
	
	Scenario Z
	G-FR1-A4-32A
	[8.7]

	
	
	
	40
	30
	Scenario Y
	G-FR1-A4-32
	8.7

	
	
	
	
	
	Scenario Z
	G-FR1-A4-32
	[8.8]



8.2.5.6	Test Requirement for Normal Mode
The throughput shall be ≥ 70% of the maximum throughput of the reference measurement channel as specified in annex A for the moving UE at the SNR given in table 8.2.5.6-1 for mapping type A and table 8.2.5.6-2 for mapping type B respectively.
Table 8.2.5.6-1: Test requirements for UL timing adjustment with mapping type A
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Channel Bandwidth [MHz]
	SCS [kHz]
	Moving propagation conditions and correlation matrix (Annex G)
	FRC
(Annex A)
	SNR
[dB]

	
	
	
	5
	15
	Scenario X
	G-FR1-A4-31A
	[11.2]

	1
	2
	Normal
	10
	15
	Scenario X
	G-FR1-A4-31
	[11.8]

	
	
	
	10
	30
	Scenario X
	G-FR1-A4-32A
	[11.4]

	
	
	
	40
	30
	Scenario X
	G-FR1-A4-32
	[12.6]



Table 8.2.5.6-2: Test requirements for UL timing adjustment with mapping type B
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Channel Bandwidth [MHz]
	SCS [kHz]
	Moving propagation conditions and correlation matrix (Annex G)
	FRC
(Annex A)
	SNR
[dB]

	
	
	
	5
	15
	Scenario X
	G-FR1-A4-31A
	[11.2]

	1
	2
	Normal
	10
	15
	Scenario X
	G-FR1-A4-31
	[11.9]

	
	
	
	10
	30
	Scenario X
	G-FR1-A4-32A
	[11.3]

	
	
	
	40
	30
	Scenario X
	G-FR1-A4-32
	[13.0]



[bookmark: _Toc58860399][bookmark: _Toc61182524]8.2.6	Performance requirements for PUSCH with 0.001% BLER
[bookmark: _Toc58860400][bookmark: _Toc61182525]8.2.6.1	Definition and applicability
The performance requirement of PUSCH is determined by a maximum required transport block error rate (BLER) for a given SNR. The required BLER is defined as the probability of incorrectly decoding the transport block after reaching the maximum number of HARQ transmissions for the FRCs listed in annex A.
Which specific test(s) are applicable to BS is based on the test applicability rules defined in clause 8.1.2.1.
[bookmark: _Toc58860401][bookmark: _Toc61182526]8.2.6.2	Minimum Requirement
The minimum requirement is in TS 38.104 [2] clause 8.2.6.2.
[bookmark: _Toc58860402][bookmark: _Toc61182527]8.2.6.3	Test Purpose
The test shall verify the receiver's ability to achieve 0.001% BLER under AWGN conditions for a given SNR.
[bookmark: _Toc58860403][bookmark: _Toc61182528]8.2.6.4	Method of test
[bookmark: _Toc58860404][bookmark: _Toc61182529]8.2.6.4.1	Initial Conditions
Test environment:	Normal, see annex B.2.
RF channels to be tested for single carrier:	M; see clause 4.9.1.
RF channels to be tested for carrier aggregation: MBW Channel CA; see clause 4.9.1.
[bookmark: _Toc58860405][bookmark: _Toc61182530]8.2.6.4.2	Procedure
1)	Connect the BS tester generating the wanted signal and AWGN generators to all BS antenna connectors for diversity reception via a combining network as shown in annex D.5 and D.6 for BS type 1-C and type 1-H respectively.
2)	Adjust the AWGN generator, according to the channel bandwidth, defined in table 8.2.6.4.2-1.
Table 8.2.6.4.2-1: AWGN power level at the BS input
	Sub-carrier spacing (kHz)
	Channel bandwidth (MHz)
	AWGN power level

	15 kHz
	5
	-86.5 dBm / 4.5MHz

	
	10
	-83.3 dBm / 9.36MHz

	30 kHz
	10
	-83.6 dBm / 8.64MHz

	
	40
	-77.2 dBm / 38.16MHz



3)	The characteristics of the wanted signal shall be configured according to the corresponding UL reference measurement channel defined in annex A and the test parameters in table 8.2.6.4.2-2.
Table 8.2.6.4.2-2: Test parameters for testing PUSCH with 0.001% BLER
	Parameter
	Value

	Transform precoding
	Disabled

	Default TDD UL-DL pattern (Note 1)
	15 kHz SCS:
3D1S1U, S=10D:2G:2U
30 kHz SCS:
7D1S2U, S=6D:4G:4U

	HARQ
	Maximum number of HARQ transmissions
	1

	
	RV sequence
	0 

	DM-RS
	DM-RS configuration type
	1

	
	DM-RS duration
	single-symbol DM-RS

	
	Additional DM-RS position
	Pos1

	
	Number of DM-RS CDM group(s) without data
	1

	
	Ratio of PUSCH EPRE to DM-RS EPRE
	-3 dB

	
	DM-RS port(s)
	{0}

	
	DM-RS sequence generation
	NID0=0, nSCID =0

	Time domain resource assignment
	PUSCH mapping type
	A, B

	
	Start symbol
	0 

	
	Allocation length
	14 

	Frequency domain resource assignment
	RB assignment
	Full applicable test bandwidth

	
	Frequency hopping
	Disabled

	Code block group based PUSCH transmission
	Disabled

	Note 1:	The same requirements are applicable to FDD and TDD with different UL-DL patterns.



4)	No multipath fading channel is included in the test.
5)	Adjust the equipment so that required SNR specified in table 8.2.6.5-1 to 8.2.6.5-8 is achieved at the BS input.
6)	For each of the reference channels in table 8.2.6.5-1 to 8.2.6.5-8 applicable for the base station, measure the BLER. BLER is evaluated based on the test methodology described in Annex I.
[bookmark: _Toc58860406][bookmark: _Toc61182531]8.2.6.5	Test Requirement
The BLER according to clause 8.2.6.4.2 shall not be below the limits for the SNR levels specified in table 8.2.6.5-1 to 8.2.6.5-8.
Table 8.2.6.5-1: Test requirements for PUSCH with 0.001% BLER, Type A, 5 MHz channel bandwidth, 15 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions 
	BLER
	FRC
(annex A)
	Additional DM-RS position
	SNR
(dB)

	1
	2
	Normal
	AWGN
	0.001%
	G-FR1-A3A-1
	Pos1
	-3.8



Table 8.2.6.5-2: Test requirements for PUSCH with 0.001% BLER, Type A, 10 MHz channel bandwidth, 15 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions 
	BLER
	FRC
(annex A)
	Additional DM-RS position
	SNR
(dB)

	1
	2
	Normal
	AWGN
	0.001%
	G-FR1-A3A-2
	Pos1
	-4.6



Table 8.2.6.5-3: Test requirements for PUSCH with 0.001% BLER, Type A, 10 MHz channel bandwidth, 30 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions 
	BLER
	FRC
(annex A)
	Additional DM-RS position
	SNR
(dB)

	1
	2
	Normal
	AWGN
	0.001%
	G-FR1-A3A-3
	Pos1
	-4.1



Table 8.2.6.5-4: Test requirements for PUSCH with 0.001% BLER, Type A, 40 MHz channel bandwidth, 30 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions 
	BLER
	FRC
(annex A)
	Additional DM-RS position
	SNR
(dB)

	1
	2
	Normal
	AWGN
	0.001%
	G-FR1-A3A-4
	Pos1
	-4.9



Table 8.2.6.5-5: Test requirements for PUSCH with 0.001% BLER, Type B, 5 MHz channel bandwidth, 15 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions 
	BLER
	FRC
(annex A)
	Additional DM-RS position
	SNR
(dB)

	1
	2
	Normal
	AWGN
	0.001%
	G-FR1-A3A-1
	Pos1
	-3.9



Table 8.2.6.5-6: Test requirements for PUSCH with 0.001% BLER, Type B, 10 MHz channel bandwidth, 15 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions 
	BLER
	FRC
(annex A)
	Additional DM-RS position
	SNR
(dB)

	1
	2
	Normal
	AWGN
	0.001%
	G-FR1-A3A-2
	Pos1
	-4.6



Table 8.2.6.5-7: Test requirements for PUSCH with 0.001% BLER, Type B, 10 MHz channel bandwidth, 30 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions 
	BLER
	FRC
(annex A)
	Additional DM-RS position
	SNR
(dB)

	1
	2
	Normal
	AWGN
	0.001%
	G-FR1-A3A-3
	Pos1
	-4.2



Table 8.2.x.5-8: Test requirements for PUSCH with 0.001% BLER, Type B, 40 MHz channel bandwidth, 30 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions 
	BLER
	FRC
(annex A)
	Additional DM-RS position
	SNR
(dB)

	1
	2
	Normal
	AWGN
	0.001%
	G-FR1-A2A-4
	Pos1
	-4.9



[bookmark: _Toc21127565][bookmark: _Toc29811774][bookmark: _Toc36817326][bookmark: _Toc37260243][bookmark: _Toc37267631][bookmark: _Toc58860407][bookmark: _Toc61182532]8.2.7	Performance requirements for PUSCH repetition Type A
[bookmark: _Toc58860408][bookmark: _Toc61182533]8.2.7.1	Definition and applicability
The performance requirement of PUSCH with slot aggregation factor configured is determined by a maximum target BLER for a given SNR. The required BLER is defined as the probability of incorrectly decoding the PUSCH information when the PUSCH information is sent for the FRCs listed in annex A. The performance requirements assume HARQ re-transmissions. 
Which specific test(s) are applicable to BS is based on the test applicability rules defined in clause 8.1.2.1.
[bookmark: _Toc58860409][bookmark: _Toc61182534]8.2.7.2	Minimum Requirement
The minimum requirement is in TS 38.104 [2] clause 8.2.7.
[bookmark: _Toc58860410][bookmark: _Toc61182535]8.2.7.3	Test Purpose
The test shall verify the receiver's ability to achieve 1% BLER with PUSCH repetition Type A under multipath fading propagation conditions for a given SNR.
[bookmark: _Toc58860411][bookmark: _Toc61182536]8.2.7.4	Method of test
[bookmark: _Toc58860412][bookmark: _Toc61182537]8.2.7.4.1	Initial Conditions
Test environment:	Normal, see annex B.2.
RF channels to be tested for single carrier: M; see clause 4.9.1.
RF channels to be tested for carrier aggregation: MBW Channel CA; see clause 4.9.1.
[bookmark: _Toc58860413][bookmark: _Toc61182538]8.2.7.4.2	Procedure
1)	Connect the BS tester generating the wanted signal, multipath fading simulators and AWGN generators to all BS antenna connectors for diversity reception via a combining network as shown in annex D.5 and D.6 for BS type 1-C and type 1-H respectively.
2)	Adjust the AWGN generator, according to the channel bandwidth, defined in table 8.2.7.4.2-1.
Table 8.2.7.4.2-1: AWGN power level at the BS input
	Sub-carrier spacing (kHz)
	Channel bandwidth (MHz)
	AWGN power level

	15 kHz
	5
	-86.5 dBm / 4.5MHz

	
	10
	-83.3 dBm / 9.36MHz

	30 kHz
	10
	-83.6 dBm / 8.64MHz

	
	40
	-77.2 dBm / 38.16MHz



3)	The characteristics of the wanted signal shall be configured according to the corresponding UL reference measurement channel defined in annex A and the test parameters in table 8.2.7.4.2-2.
Table 8.2.7.4.2-2: Test parameters for testing PUSCH repetition Type A
	Parameter
	Value

	Transform precoding
	Disabled

	Default TDD UL-DL pattern (Note 1)
	15 kHz SCS:
3D1S1U, S=10D:2G:2U
30 kHz SCS:
7D1S2U, S=6D:4G:4U

	HARQ
	Maximum number of HARQ transmissions
	4

	
	RV sequence
	0, 3, 0, 3 [Note 2]

	DM-RS
	DM-RS configuration type
	1

	
	DM-RS duration
	single-symbol DM-RS

	
	Additional DM-RS position
	pos1

	
	Number of DM-RS CDM group(s) without data
	2

	
	Ratio of PUSCH EPRE to DM-RS EPRE
	-3 dB

	
	DM-RS port
	0

	
	DM-RS sequence generation
	NID0=0, nSCID =0

	Time domain resource assignment
	PUSCH mapping type
	A, B

	
	Start symbol
	0 

	
	Allocation length
	14 

	
	PUSCH aggregation factor
	30 kHz SCS: n2
15 kHz SCS: n2 for FDD and n8 for TDD [Note 3]

	Frequency domain resource assignment
	RB assignment
	Full applicable test bandwidth

	
	Frequency hopping
	Disabled

	Code block group based PUSCH transmission
	Disabled

	Note 1:   The same requirements are applicable to FDD and TDD with different UL-DL pattern.
Note 2:   The effective RV sequence is {0, 2, 3, 1} with slot aggregation.
Note 3:   The intention of this configuration is to have two effective transmissions of the transport block. To achieve this for the standard TDD pattern captured in this table, a value of n8 is necessary, while for FDD a value of n2 is necessary.



4)	The multipath fading emulators shall be configured according to the corresponding channel model defined in annex G.
5)	Adjust the equipment so that required SNR specified in table 8.2.7.5-1 to 8.2.7.5-8 is achieved at the BS input.
6)	For each of the reference channels in table 8.2.7.5-1 to 8.2.7.5-8 applicable for the base station, measure the BLER.
[bookmark: _Toc58860414][bookmark: _Toc61182539]8.2.7.5	Test Requirement
The BLER measured according to clause 8.2.7.4.2 shall not be above the limits for the SNR levels specified in table 8.2.7.5-1 to 8.2.7.5-14.
Table 8.2.7.5-1: Minimum requirements for PUSCH, Type A, 5 MHz channel bandwidth, 15 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and correlation matrix (Annex G)
	Target BLER
	FRC
(Annex A)
	Additional DM-RS position
	SNR
(dB)

	1
	2
	Normal
	TDLB100-400 Low
	1% (Note 1)
	G-FR1-A3A-1
	pos1
	[-7.9]

	Note 1: BLER is defined as residual BLER; i.e. ratio of incorrectly received transport blocks / sent transport blocks, independently of the number HARQ transmission(s) for each transport block.



Table 8.2.7.5-2: Minimum requirements for PUSCH, Type A, 10 MHz channel bandwidth, 15 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and correlation matrix (Annex G)
	Target BLER
	FRC
(Annex A)
	Additional DM-RS position
	SNR
(dB)

	1
	2
	Normal
	TDLB100-400 Low
	1% (Note 1)
	G-FR1- A3A -2
	pos1
	[-8.7]

	Note 1: BLER is defined as residual BLER; i.e. ratio of incorrectly received transport blocks / sent transport blocks, independently of the number HARQ transmission(s) for each transport block.



Table 8.2.7.5-3: Minimum requirements for PUSCH, Type A, 10 MHz channel bandwidth, 30 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and correlation matrix (Annex G)
	Target BLER
	FRC
(Annex A)
	Additional DM-RS position
	SNR
(dB)

	1
	2
	Normal
	TDLB100-400 Low
	1% (Note 1)
	G-FR1- A3A -3
	pos1
	[-7.6]

	Note 1: BLER is defined as residual BLER; i.e. ratio of incorrectly received transport blocks / sent transport blocks, independently of the number HARQ transmission(s) for each transport block.



Table 8.2.7.5-4: Minimum requirements for PUSCH, Type A, 40 MHz channel bandwidth, 30 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and correlation matrix (Annex G)
	Target BLER
	FRC
(Annex A)
	Additional DM-RS position
	SNR
(dB)

	1
	2
	Normal
	TDLB100-400 Low
	1% (Note 1)
	G-FR1- A3A -4
	pos1
	[-9.7]

	Note 1: BLER is defined as residual BLER; i.e. ratio of incorrectly received transport blocks / sent transport blocks, independently of the number HARQ transmission(s) for each transport block.



Table 8.2.7.5-5: Minimum requirements for PUSCH, Type B, 5 MHz channel bandwidth, 15 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and correlation matrix (Annex G)
	Target BLER
	FRC
(Annex A)
	Additional DM-RS position
	SNR
(dB)

	1
	2
	Normal
	TDLB100-400 Low
	1% (Note 1)
	G-FR1- A3A -1
	pos1
	[-7.6]

	Note 1: BLER is defined as residual BLER; i.e. ratio of incorrectly received transport blocks / sent transport blocks, independently of the number HARQ transmission(s) for each transport block.



Table 8.2.7.5-6: Minimum requirements for PUSCH, Type B, 10 MHz channel bandwidth, 15 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and correlation matrix (Annex G)
	Target BLER
	FRC
(Annex A)
	Additional DM-RS position
	SNR
(dB)

	1
	2
	Normal
	TDLB100-400 Low
	1% (Note 1)
	G-FR1- A3A -2
	pos1
	[-9.2]

	Note 1: BLER is defined as residual BLER; i.e. ratio of incorrectly received transport blocks / sent transport blocks, independently of the number HARQ transmission(s) for each transport block.



Table 8.2.7.5-7: Minimum requirements for PUSCH, Type B, 10 MHz channel bandwidth, 30 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and correlation matrix (Annex G)
	Target BLER
	FRC
(Annex A)
	Additional DM-RS position
	SNR
(dB)

	1
	2
	Normal
	TDLB100-400 Low
	1% (Note 1)
	G-FR1- A3A -3
	pos1
	[-7.6]

	Note 1: BLER is defined as residual BLER; i.e. ratio of incorrectly received transport blocks / sent transport blocks, independently of the number HARQ transmission(s) for each transport block.



Table 8.2.7.5-8: Minimum requirements for PUSCH, Type B, 40 MHz channel bandwidth, 30 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and correlation matrix (Annex G)
	Target BLER
	FRC
(Annex A)
	Additional DM-RS position
	SNR
(dB)

	1
	2
	Normal
	TDLB100-400 Low
	1% (Note 1)
	G-FR1- A3A -4
	pos1
	[-9.6]

	Note 1: BLER is defined as residual BLER; i.e. ratio of incorrectly received transport blocks / sent transport blocks, independently of the number HARQ transmission(s) for each transport block.



[bookmark: _Toc58860423][bookmark: _Toc61182540]8.2.8	Performance requirements for PUSCH Mapping Type B with non-slot transmission
[bookmark: _Toc58860424][bookmark: _Toc61182541]8.2.8.1	Definition and applicability
The performance requirement of PUSCH mapping Type B is determined by a minimum required throughput for a given SNR. The required throughput is expressed as a fraction of maximum throughput for the FRCs listed in annex A. 
Which specific test(s) are applicable to BS is based on the test applicability rules defined in clause 8.1.2.1.
[bookmark: _Toc58860425][bookmark: _Toc61182542]8.2.8.2	Minimum Requirement
The minimum requirement is in TS 38.104 [2] clause 8.2.8.
[bookmark: _Toc58860426][bookmark: _Toc61182543]8.2.8.3	Test Purpose
The test shall verify the receiver's ability to achieve throughput for PUSCH mapping Type B with 2 symbol length allocated in time domain under multipath fading propagation conditions for a given SNR.
[bookmark: _Toc58860427][bookmark: _Toc61182544]8.2.8.4	Method of test
[bookmark: _Toc58860428][bookmark: _Toc61182545]8.2.8.4.1	Initial Conditions
Test environment: Normal, see annex B.2.
RF channels to be tested for single carrier: M; see clause 4.9.1.
RF channels to be tested for carrier aggregation: MBW Channel CA; see clause 4.9.1.
[bookmark: _Toc58860429][bookmark: _Toc61182546]8.2.8.4.2	Procedure
1)	Connect the BS tester generating the wanted signal, multipath fading simulators and AWGN generators to all BS antenna connectors for diversity reception via a combining network as shown in annex D.5 and D.6 for BS type 1-C and type 1-H respectively.
2)	Adjust the AWGN generator, according to the channel bandwidth, defined in table 8.2.8.4.2-1.
Table 8.2.8.4.2-1: AWGN power level at the BS input
	Sub-carrier spacing (kHz)
	Channel bandwidth (MHz)
	AWGN power level

	15 kHz
	5
	-86.5 dBm / 4.5MHz

	
	10
	-83.3 dBm / 9.36MHz

	30 kHz
	10
	-83.6 dBm / 8.64MHz

	
	40
	-77.2 dBm / 38.16MHz



3)	The characteristics of the wanted signal shall be configured according to the corresponding UL reference measurement channel defined in annex A and the test parameters in table 8.2.8.4.2-2.

Table 8.2.8.4.2-2: Test parameters for testing PUSCH Mapping Type B with non-slot transmission
	Parameter
	Value

	Transform precoding
	Disabled

	Default TDD UL-DL pattern (Note 1)
	15 kHz SCS:
3D1S1U, S=10D:2G:2U
30 kHz SCS:
7D1S2U, S=6D:4G:4U

	HARQ
	Maximum number of HARQ transmissions
	1

	
	RV sequence
	0

	DM-RS
	DM-RS configuration type
	1

	
	DM-RS duration
	single-symbol DM-RS

	
	Number of additional DM-RS
	0

	
	Number of DM-RS CDM group(s) without data
	2

	
	Ratio of PUSCH EPRE to DM-RS EPRE
	-3 dB

	
	DM-RS port
	{0}

	
	DM-RS sequence generation
	NID0=0, nSCID =0

	Time domain resource assignment
	PUSCH mapping type
	B

	
	Start symbol
	0 

	
	Allocation length
	2 

	
	PUSCH aggregation factor
	1

	Frequency domain resource assignment
	RB assignment
	Full applicable test bandwidth

	
	Frequency hopping
	Disabled

	Code block group based PUSCH transmission
	Disabled

	Note 1:	The same requirements are applicable to FDD and TDD with different UL-DL pattern.



4)	The multipath fading emulators shall be configured according to the corresponding channel model defined in annex G.
5)	Adjust the equipment so that required SNR specified in table 8.2.8.5-1 to 8.2.8.5-4 is achieved at the BS input.
6)	For each of the reference channels in table 8.2.8.5-1 to 8.2.8.5-8 applicable for the base station, measure the throughput.
[bookmark: _Toc58860430][bookmark: _Toc61182547]8.2.8.5	Test Requirement
The throughput measured according to clause 8.2.8.4.2 shall not be below the limits for the SNR levels specified in table 8.2.8.5-1 to 8.2.8.5-4.
Table 8.2.8.5-1: Minimum requirements for PUSCH, Type B, 5 MHz channel bandwidth, 15 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and correlation matrix (Annex G)
	Fraction of maximum throughput
	FRC
(Annex A)
	SNR
(dB)

	1
	2
	Normal
	TDLC300-100 Low
	70%
	G-FR1-A3B-1
	[1.2]



Table 8.2.8.5-2: Minimum requirements for PUSCH, Type B, 10 MHz channel bandwidth, 15 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and correlation matrix (Annex G)
	Fraction of maximum throughput
	FRC
(Annex A)
	SNR
(dB)

	1
	2
	Normal
	TDLC300-100 Low
	70%
	G-FR1- A3B -2
	[0.8]



Table 8.2.8.5-3: Minimum requirements for PUSCH, Type B, 10 MHz channel bandwidth, 30 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and correlation matrix (Annex G)
	Fraction of maximum throughput
	FRC
(Annex A)
	SNR
(dB)

	1
	2
	Normal
	TDLC300-100 Low
	70%
	G-FR1- A3B -3
	[1.0]



Table 8.2.8.5-4: Minimum requirements for PUSCH, Type B, 40 MHz channel bandwidth, 30 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and correlation matrix (Annex G)
	Fraction of maximum throughput
	FRC
(Annex A)
	SNR
(dB)

	1
	2
	Normal
	TDLC300-100 Low
	70%
	G-FR1- A3B -4
	[0.5]



[bookmark: _Toc58860431][bookmark: _Toc61182548]8.2.9	Performance requirements for PUSCH msgA for 2-step RA type
[bookmark: _Toc58860432][bookmark: _Toc61182549]8.2.9.1	Definition and applicability
The performance requirement of MsgA PUSCH is determined by a minimum required block error rate of Msg A received by BS at given SNR for FRCs listed in annex A. The performance requirements assume that the precedent preamble of MsgA is correctly detected. The performance requirements of assume no HARQ retransmission.
These requirements are applicable for wide area and medium range BS that support 2-step RACH. The requirements are not applied for a local area BS that supports 2-step RACH.
Which specific test(s) are applicable to BS is based on the test applicability rules defined in clause 8.1.2.1. 
[bookmark: _Toc58860433][bookmark: _Toc61182550]8.2.9.2	Minimum Requirement
The minimum requirement is in TS 38.104 [2] clause 8.2.6.
[bookmark: _Toc58860434][bookmark: _Toc61182551]8.2.9.3	Test Purpose
The test shall verify the receiver's ability to achieve maximum BLER for a given SNR.
[bookmark: _Toc58860435][bookmark: _Toc61182552]8.2.9.4	Method of test
[bookmark: _Toc58860436][bookmark: _Toc61182553]8.2.9.4.1	Initial Conditions
Test environment:	Normal, see annex B.2.
RF channels to be tested:	M; see clause 4.9.1.
RF channels to be tested for carrier aggregation: MBW Channel CA; see clause 4.9.1.
[bookmark: _Toc58860437][bookmark: _Toc61182554]8.2.9.4.2	Procedure
1)	Connect the BS tester generating the wanted signal, channel simulators and AWGN generators to all BS antenna connectors for diversity reception via a combining network as shown in annex D.5 and D.6 for BS type 1-C and type 1-H respectively.
2)	Adjust the AWGN generator, according to the channel bandwidth, defined in table 8.2.9.4.2-1.
Table 8.2.9.4.2-1: AWGN power level at the BS input
	Sub-carrier spacing (kHz)
	Channel bandwidth (MHz)
	AWGN power level

	15 kHz
	10
	-83.3 dBm / 9.36MHz

	30 kHz
	40
	-77.2 dBm / 38.16MHz



3)	The characteristics of the wanted signal shall be configured according to the corresponding UL reference measurement channel defined in annex A and the test parameters in table 8.2.9.4.2-2.
Table 8.2.9.4.2-2: Test parameters for testing msgA PUSCH for 2-step RACH
	Parameter
	Value

	Transform precoding
	Disabled

	
	

	Channel bandwidth
	15 kHz SCS: 10 MHz

	
	30 kHz SCS: 40 MHz

	MCS
	1

	DM-RS
	DM-RS configuration type
	1

	
	DM-RS duration
	single-symbol DM-RS

	
	DM-RS position (l0)
	2

	
	Additional DM-RS position
	pos2 or pos1 (Note 2)

	
	Number of DM-RS CDM group(s) without data
	2

	
	Ratio of PUSCH EPRE to DM-RS EPRE
	-3 dB

	
	DM-RS port
	{0}

	
	DM-RS sequence generation
	NID0=0, nSCID = 0

	Time domain resource assignment
	PUSCH mapping type
	Both A and B

	
	Allocation length
	14

	Frequency domain resource assignment
	RB assignment
	2 PRBs

	
	Starting PRB index
	0

	
	Frequency hopping
	Disabled

	Time offset (TO) Cycling (µs)
	start:step:end
	15k SCS: 0:0.2:3.8

	
	
	

	
	
	30k SCS: 0:0.1:2

	
	
	

	Test Metric
	BLER
	0.01

	Note 1:	The same requirements are applicable to FDD and TDD with different UL-DL patterns.
Note 2:	For FR1, either pos 1 or pos 2 may be used for the test FRC. A pass with either of these possibilities is sufficient to demonstrate compliance to the core requirement.
Note 3:	The power ratio between preamble and msgA (msgA-DeltaPreamble) is set to be sufficient to achieve 100% preamble detection. The SNR for the requirement is defined on the msgA PUSCH.



4)	The channel simulators shall be configured according to the corresponding channel model defined in annex G.3.
5)	Adjust the equipment so that required SNR specified in table 8.2.9.5-1 to 8.2.9.5-4 is achieved at the BS input.
6)  The test signal genentor send a MsgA including a preamble and PUSCH signal and the receiver tries to detect the MsgA signal. The MsgA signal is sent with a timing offset as described below. 
The timing offset base value for MsgA signal is set to 0. For each newly transmitted 2-step RACH, this offset is increased within the loop, by adding in each step a value of 0.2 us, until the end of the tested range, which is 3.8 us for 15kHz SCS or 2 us for 30kHz SCS. At the end of the testing range, the offset is reset to zero. An example of the timing offset scheme for MsgA transmission is presented in Figure 8.2.9.4.2-1.



Figure 8.2.9.4.2-1: Timing offset scheme for MsgA transmission for BS type 1-O with 30 kHz SCS
7)	For each of the reference channels in table 8.2.9.5-1 to 8.2.9.5-4 applicable for the base station, measure the BLER.
[bookmark: _Toc58860438][bookmark: _Toc61182555]8.2.9.5	Test Requirement
The BLER measured according to clause 8.2.9.4.2 shall not be below the limits for the SNR levels specified in table 8.2.9.5-1 to 8.2.9.5-4. Unless stated otherwise, the MIMO correlation metrics for the gNB are defined in annex G for low correlation. 
Table 8.2.9.5-1: Test requirements for msgA PUSCH for 2-step RACH, Type A, 15 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions 
(Annex G)
	BLER
	FRC
(Annex A)
	Time offset (Note 1)
	SNR
(dB)

	1
	2
	Normal
	TDLC300-100
	1%
	G-FR1-A8-1 or 
G-FR1-A8-3
	0, 0.2, 3.8
	[7.3]

	Note 1: the time offset values are described as X, Y, Z where  X is the first TO value, Y is the step in which the TO should be incremented, and Z is the largest TO value in the range.



Table 8.2.9.5-2: Test requirements for msgA PUSCH for 2-step RACH, Type A, 30 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions 
(Annex G)
	BLER
	FRC
(Annex A)
	Time offset (Note 1)
	SNR
(dB)

	1
	2
	Normal
	TDLC300-100
	1%
	G-FR1-A8-2 or 
G-FR1-A8-4
	0, 0.2, 2.0
	[7.1]

	Note 1: the time offset values are described as X, Y, Z where  X is the first TO value, Y is the step in which the TO should be incremented, and Z is the largest TO value in the range.



Table 8.2.9.5-3: Test requirements for msgA PUSCH for 2-step RACH, Type B, 15 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions 
(Annex G)
	BLER
	FRC
(Annex A)
	Time offset (Note 1)
	SNR
(dB)

	1
	2
	Normal
	TDLC300-100
	1%
	G-FR1-A8-1 or 
G-FR1-A8-3
	0, 0.2, 3.8
	[7.5]

	Note 1: the time offset values are described as X, Y, Z where  X is the first TO value, Y is the step in which the TO should be incremented, and Z is the largest TO value in the range.



Table 8.2.9.5-4: Test requirements for msgA PUSCH for 2-step RACH, Type B, 30 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions 
(Annex G)
	BLER
	FRC
(Annex A)
	Time offset (Note 1)
	SNR
(dB)

	1
	2
	Normal
	TDLC300-100
	1%
	G-FR1-A8-2 or 
G-FR1-A8-4
	0, 0.2, 2.0
	[6.9]

	Note 1: the time offset values are described as X, Y, Z where  X is the first TO value, Y is the step in which the TO should be incremented, and Z is the largest TO value in the range.



[bookmark: _Toc53182655][bookmark: _Toc58860439][bookmark: _Toc61182556]8.3	Performance requirements for PUCCH
[bookmark: _Toc21100133][bookmark: _Toc29809931][bookmark: _Toc36645324][bookmark: _Toc37272378][bookmark: _Toc45884624][bookmark: _Toc53182656][bookmark: _Toc58860440][bookmark: _Toc61182557]8.3.1	Performance requirements for PUCCH format 0
[bookmark: _Toc21100134][bookmark: _Toc29809932][bookmark: _Toc36645325][bookmark: _Toc37272379][bookmark: _Toc45884625][bookmark: _Toc53182657][bookmark: _Toc58860441][bookmark: _Toc61182558]8.3.1.1	Definition and applicability
The performance requirement of single user PUCCH format 0 for ACK missed detection is determined by the two parameters: probability of false detection of the ACK and the probability of detection of ACK. The performance is measured by the required SNR at probability of detection equal to 0.99. The probability of false detection of the ACK shall be 0.01 or less.
The probability of false detection of the ACK is defined as a conditional probability of erroneous detection of the ACK when input is only noise.
The probability of detection of ACK is defined as conditional probability of detection of the ACK when the signal is present.
The transient period as specified in TS 38.101-1 [21] clause 6.3.3.1 is not taken into account for performance requirement testing, where the RB hopping is symmetric to the CC center, i.e. intra-slot frequency hopping is enabled.
Which specific test(s) are applicable to BS is based on the test applicability rules defined in clause 8.1.2.
[bookmark: _Toc21100135][bookmark: _Toc29809933][bookmark: _Toc36645326][bookmark: _Toc37272380][bookmark: _Toc45884626][bookmark: _Toc53182658][bookmark: _Toc58860442][bookmark: _Toc61182559]8.3.1.2	Minimum Requirement
The minimum requirements are in TS 38.104 [2] clause 8.3.1 and 8.3.2.
[bookmark: _Toc21100136][bookmark: _Toc29809934][bookmark: _Toc36645327][bookmark: _Toc37272381][bookmark: _Toc45884627][bookmark: _Toc53182659][bookmark: _Toc58860443][bookmark: _Toc61182560]8.3.1.3	Test purpose
The test shall verify the receiver's ability to detect ACK under multipath fading propagation conditions for a given SNR.
[bookmark: _Toc21100137][bookmark: _Toc29809935][bookmark: _Toc36645328][bookmark: _Toc37272382][bookmark: _Toc45884628][bookmark: _Toc53182660][bookmark: _Toc58860444][bookmark: _Toc61182561]8.3.1.4	Method of test
[bookmark: _Toc21100138][bookmark: _Toc29809936][bookmark: _Toc36645329][bookmark: _Toc37272383][bookmark: _Toc45884629][bookmark: _Toc53182661][bookmark: _Toc58860445][bookmark: _Toc61182562]8.3.1.4.1	Initial conditions
Test environment: Normal, see annex B.2.
[bookmark: _Toc21100139]RF channels to be tested: single carrier M; see clause 4.9.1.

[bookmark: _Toc29809937][bookmark: _Toc36645330][bookmark: _Toc37272384][bookmark: _Toc45884630][bookmark: _Toc53182662][bookmark: _Toc58860446][bookmark: _Toc61182563]8.3.1.4.2	Procedure
1)	Connect the BS tester generating the wanted signal, multipath fading simulators and AWGN generators to all BS antenna connectors for diversity reception via a combining network as shown in annex D.5 and D.6 for BS type 1-C and type 1-H respectively.
2)	Adjust the AWGN generator, according to the channel bandwidth and sub-carrier spacing defined in table 8.3.1.4.2-1.
Table 8.3.1.4.2-1: AWGN power level at the BS input
	Subcarrier spacing (kHz)
	Channel bandwidth (MHz)
	AWGN power level

	15 
	5
	-83.5 dBm / 4.5 MHz

	
	10
	-80.3 dBm / 9.36 MHz

	
	20
	-77.2 dBm / 19.08 MHz

	30 
	10
	-80.6 dBm / 8.64 MHz

	
	20
	-77.4 dBm / 18.36 MHz

	
	40
	-74.2 dBm / 38.16 MHz

	
	100
	-70.1 dBm / 98.28 MHz



3)	The characteristics of the wanted signal shall be configured according to TS 38.211 [17] and the specific test parameters are configured as mentioned in table 8.3.1.4.2-2:
Table 8.3.1.4.2-2: Test Parameters
	Parameter
	Test

	number of UCI information bits
	1

	Number of PRBs
	1

	First PRB prior to frequency hopping
	0

	Intra-slot frequency hopping
	N/A for 1 symbol 
Enabled for 2 symbols

	First PRB after frequency hopping
	The largest PRB index – (Number of PRBs – 1)

	Group and sequence hopping
	neither

	Hopping ID
	0

	Initial cyclic shift
	0

	First symbol
	13 for 1 symbol
12 for 2 symbols



4)	The multipath fading emulators shall be configured according to the corresponding channel model defined in annex B.
5)	Adjust the equipment so that the SNR specified in table 8.3.1.5-1 or table 8.3.1.5-2 is achieved at the BS input during the ACK transmissions.
6)	The signal generator sends a test pattern with the pattern outlined in figure 8.3.1.4.2-1. The following statistics are kept: the number of ACKs detected in the idle periods and the number of missed ACKs.


Figure 8.3.1.4.2-1: Test signal pattern for single user PUCCH format 0 demodulation tests
[bookmark: _Toc21100140][bookmark: _Toc29809938][bookmark: _Toc36645331][bookmark: _Toc37272385][bookmark: _Toc45884631][bookmark: _Toc53182663][bookmark: _Toc58860447][bookmark: _Toc61182564]8.3.1.5	Test Requirement
The fraction of falsely detected ACKs shall be less than 1% and the fraction of correctly detected ACKs shall be larger than 99% for the SNR listed in table 8.3.1.5-1 and in table 8.3.1.5-2.
Table 8.3.1.5-1: Test requirements for PUCCH format 0 and 15 kHz SCS
	Number
	Number of
	Propagation conditions and
	Number of
	Channel bandwidth / SNR (dB)

	of TX antennas
	RX antennas
	correlation matrix 
(annex G)
	OFDM symbols
	5 MHz
	10 MHz
	20 MHz

	1
	2
	TDLC-300-100 Low
	1
	10.0
	9.4
	9.9

	
	
	
	2
	3.4
	4.3
	3.9

	1
	4
	TDLC-300-100 Low
	1
	3.6
	3.5
	3.8

	
	
	
	2
	-0.4
	0.1
	-0.2

	1
	8
	TDLC-300-100 Low
	1
	-0.5
	-0.5
	-0.5

	
	
	
	2
	-3.5
	-3.3
	-3.4



Table 8.3.1.5-2: Test requirements for PUCCH format 0 and 30 kHz SCS
	Number
	Number
	Propagation conditions
	Number of
	Channel bandwidth / SNR (dB)

	of TX antennas
	of RX antennas
	and correlation matrix
(annex G)
	OFDM symbols
	10 MHz
	20 MHz
	40 MHz
	100 MHz

	1
	2
	TDLC-300-100 Low
	1
	10.4
	10.4
	10.1
	9.8

	
	
	
	2
	4.8
	4.2
	4.4
	4.1

	1
	4
	TDLC-300-100 Low
	1
	4.0
	4.0
	3.6
	3.9

	
	
	
	2
	0.3
	0.2
	0.1
	-0.2

	1
	8
	TDLC-300-100 Low
	1
	-0.4
	-0.4
	-0.5
	-0.4

	
	
	
	2
	-3.1
	-3.2
	-3.4
	-3.3



[bookmark: _Toc21100141][bookmark: _Toc29809939][bookmark: _Toc36645332][bookmark: _Toc37272386][bookmark: _Toc45884632][bookmark: _Toc53182664][bookmark: _Toc58860448][bookmark: _Toc61182565]8.3.2	Performance requirements for PUCCH format 1
[bookmark: _Toc21100142][bookmark: _Toc29809940][bookmark: _Toc36645333][bookmark: _Toc37272387][bookmark: _Toc45884633][bookmark: _Toc53182665][bookmark: _Toc58860449][bookmark: _Toc61182566]8.3.2.1	NACK to ACK detection
[bookmark: _Toc21100143][bookmark: _Toc29809941][bookmark: _Toc36645334][bookmark: _Toc37272388][bookmark: _Toc45884634][bookmark: _Toc53182666][bookmark: _Toc58860450][bookmark: _Toc61182567]8.3.2.1.1	Definition and applicability
The performance requirement of PUCCH format 1 for NACK to ACK detection is determined by the two parameters: probability of false detection of the ACK and the NACK to ACK detection probability. The performance is measured by the required SNR at probability of the NACK to ACK detection equal to 0.1% or less. The probability of false detection of the ACK shall be 0.01 or less.
The probability of false detection of the ACK is defined as a conditional probability of erroneous detection of the ACK at particular bit position when input is only noise. Each false bit detection is counted as one error.
The NACK to ACK detection probability is the probability of detecting an ACK bit when an NACK bit was sent on particular bit position. Each NACK bit erroneously detected as ACK bit is counted as one error. Erroneously detected NACK bits in the definition do not contain the NACK bits which are mapped from DTX, i.e. NACK bits received when DTX is sent should not be considered.
The transient period as specified in TS 38.101-1 [21] clause 6.3.3.1 is not taken into account for performance requirement testing, where the RB hopping is symmetric to the CC center, i.e. intra-slot frequency hopping is enabled.
Which specific test(s) are applicable to BS is based on the test applicability rules defined in clause 8.1.2.
[bookmark: _Toc21100144][bookmark: _Toc29809942][bookmark: _Toc36645335][bookmark: _Toc37272389][bookmark: _Toc45884635][bookmark: _Toc53182667][bookmark: _Toc58860451][bookmark: _Toc61182568]8.3.2.1.2	Minimum Requirement
The minimum requirement is in TS 38.104 [2] clause 8.3.3.
[bookmark: _Toc21100145][bookmark: _Toc29809943][bookmark: _Toc36645336][bookmark: _Toc37272390][bookmark: _Toc45884636][bookmark: _Toc53182668][bookmark: _Toc58860452][bookmark: _Toc61182569]8.3.2.1.3	Test purpose
The test shall verify the receiver's ability not to falsely detect NACK bits as ACK bits under multipath fading propagation conditions for a given SNR.
[bookmark: _Toc21100146][bookmark: _Toc29809944][bookmark: _Toc36645337][bookmark: _Toc37272391][bookmark: _Toc45884637][bookmark: _Toc53182669][bookmark: _Toc58860453][bookmark: _Toc61182570]8.3.2.1.4	Method of test
[bookmark: _Toc21100147][bookmark: _Toc29809945][bookmark: _Toc36645338][bookmark: _Toc37272392][bookmark: _Toc45884638][bookmark: _Toc53182670][bookmark: _Toc58860454][bookmark: _Toc61182571]8.3.2.1.4.1	Initial Conditions
Test environment: Normal; see annex B.2.
[bookmark: _Toc21100148]RF channels to be tested: for single carrier: M; see clause 4.9.1.
[bookmark: _Toc29809946][bookmark: _Toc36645339][bookmark: _Toc37272393][bookmark: _Toc45884639][bookmark: _Toc53182671][bookmark: _Toc58860455][bookmark: _Toc61182572]8.3.2.1.4.2	Procedure
1)	Connect the BS tester generating the wanted signal, multipath fading simulators and AWGN generators to all BS antenna connectors for diversity reception via a combining network as shown in annex D.5 and D.6 for BS type 1-C and type 1-H respectively.
2)	Adjust the AWGN generator, according to the combinations of SCS and channel bandwidth defined in table 8.3.2.1.4.2-1.
Table 8.3.2.1.4.2-1: AWGN power level at the BS input
	Sub-carrier spacing (kHz)
	Channel bandwidth (MHz)
	AWGN power level

	15 kHz
	5
	-83.5 dBm / 4.5 MHz

	
	10
	-80.3 dBm / 9.36 MHz

	
	20
	-77.2 dBm / 19.08 MHz

	30 kHz
	10
	-80.6 dBm / 8.64 MHz

	
	20
	-77.4 dBm / 18.36 MHz

	
	40
	-74.2 dBm / 38.16 MHz

	
	100
	-70.1 dBm / 98.28 MHz



3)	The characteristics of the wanted signal shall be configured according to TS 38.211 [17], and the specific test parameters are configured as below:
Table 8.3.2.1.4.2-2: Test parameters
	Parameter
	Values

	Number of information bits
	2

	Number of PRBs
	1

	Number of symbols 
	14

	First PRB prior to frequency hopping
	0

	Intra-slot frequency hopping
	enabled

	First PRB after frequency hopping
	The largest PRB index - (nrofPRBs -1)

	Group and sequence hopping
	neither

	Hopping ID
	0

	Initial cyclic shift
	0

	First symbol
	0

	Index of orthogonal cover code (timeDomainOCC)
	0



[bookmark: _Toc21100149]4)	The multipath fading emulators shall be configured according to the corresponding channel model defined in annex G.
5)	Adjusting the equipment so that the SNR specified in table 8.3.2.1.5-1 and table 8.3.2.1.5-2 is achieved at the BS input during the transmissions.
6)	The signal generator sends random codeword from applicable codebook, in regular time periods. The following statistics are kept: the number of ACK bits detected in the idle periods and the number of NACK bits detected as ACK.
[bookmark: _Toc29809947][bookmark: _Toc36645340][bookmark: _Toc37272394][bookmark: _Toc45884640][bookmark: _Toc53182672][bookmark: _Toc58860456][bookmark: _Toc61182573]8.3.2.1.5	Test Requirement
The fraction of falsely detected ACK bits shall be less than 1% and the fraction of NACK bits falsely detected as ACK shall be less than 0.1% for the SNR listed in tables 8.3.2.1.5-1 and table 8.3.2.1.5-2.
Table 8.3.2.1.5-1: Required SNR for PUCCH format 1 with 15 kHz SCS
	Number of
	Number
	Cyclic 
	Propagation
	Channel bandwidth / SNR (dB)

	TX antennas
	of RX antennas
	Prefix
	conditions and correlation matrix (annex G)
	5 MHz
	10 MHz
	20 MHz

	
	2
	Normal
	TDLC-300-100 Low
	-3.2
	-3.0
	-3.0

	1
	4
	Normal
	TDLC-300-100 Low
	-7.8
	-7.0
	-7.8

	
	8
	Normal
	TDLC-300-100 Low
	-11.2
	-10.8
	-10.8



Table 8.3.2.1.5-2: Required SNR for PUCCH format 1 with 30 kHz SCS
	Number
	Number
	Cyclic
	Propagation
	Channel bandwidth / SNR (dB)

	of TX antennas
	of RX antennas
	Prefix
	conditions and correlation matrix (annex G)
	10 MHz
	20 MHz
	40 MHz
	100 MHz

	
	2
	Normal
	TDLC-300-100 Low
	-2.2
	-2.7
	-3.3
	-2.9

	1
	4
	Normal
	TDLC-300-100 Low
	-7.5
	-7.7
	-6.9
	-7.4

	
	8
	Normal
	TDLC-300-100 Low
	-10.9
	-10.6
	-10.1
	-10.7



[bookmark: _Toc21100150][bookmark: _Toc29809948][bookmark: _Toc36645341][bookmark: _Toc37272395][bookmark: _Toc45884641][bookmark: _Toc53182673][bookmark: _Toc58860457][bookmark: _Toc61182574]8.3.2.2	ACK missed detection
[bookmark: _Toc21100151][bookmark: _Toc29809949][bookmark: _Toc36645342][bookmark: _Toc37272396][bookmark: _Toc45884642][bookmark: _Toc53182674][bookmark: _Toc58860458][bookmark: _Toc61182575]8.3.2.2.1	Definition and applicability
The performance requirement of PUCCH format 1 for ACK missed detection is determined by the two parameters: probability of false detection of the ACK and the probability of detection of ACK. The performance is measured by the required SNR at probability of detection equal to 0.99. The probability of false detection of the ACK shall be 0.01 or less.
The probability of false detection of the ACK is defined as a conditional probability of erroneous detection of the ACK when input is only noise.
The probability of detection of ACK is defined as conditional probability of detection of the ACK when the signal is present.
The transient period as specified in TS 38.101-1 [21] clause 6.3.3.1 is not taken into account for performance requirement testing, where the RB hopping is symmetric to the CC center, i.e. intra-slot frequency hopping is enabled.
Which specific test(s) are applicable to BS is based on the test applicability rules defined in clause 8.1.2.
[bookmark: _Toc21100152][bookmark: _Toc29809950][bookmark: _Toc36645343][bookmark: _Toc37272397][bookmark: _Toc45884643][bookmark: _Toc53182675][bookmark: _Toc58860459][bookmark: _Toc61182576]8.3.2.2.2	Minimum Requirement
The minimum requirement is in TS 38.104 [2] clause 8.3.3.
[bookmark: _Toc21100153][bookmark: _Toc29809951][bookmark: _Toc36645344][bookmark: _Toc37272398][bookmark: _Toc45884644][bookmark: _Toc53182676][bookmark: _Toc58860460][bookmark: _Toc61182577]8.3.2.2.3	Test purpose
The test shall verify the receiver's ability to detect ACK bits under multipath fading propagation conditions for a given SNR.
[bookmark: _Toc21100154][bookmark: _Toc29809952][bookmark: _Toc36645345][bookmark: _Toc37272399][bookmark: _Toc45884645][bookmark: _Toc53182677][bookmark: _Toc58860461][bookmark: _Toc61182578]8.3.2.2.4	Method of test
[bookmark: _Toc21100155][bookmark: _Toc29809953][bookmark: _Toc36645346][bookmark: _Toc37272400][bookmark: _Toc45884646][bookmark: _Toc53182678][bookmark: _Toc58860462][bookmark: _Toc61182579]8.3.2.2.4.1	Initial Conditions
Test environment: Normal; see annex B.2.
[bookmark: _Toc21100156]RF channels to be tested: for single carrier (SC): M; see clause 4.9.1.
[bookmark: _Toc29809954][bookmark: _Toc36645347][bookmark: _Toc37272401][bookmark: _Toc45884647][bookmark: _Toc53182679][bookmark: _Toc58860463][bookmark: _Toc61182580]8.3.2.2.4.2	Procedure
1)	Connect the BS tester generating the wanted signal, multipath fading simulators and AWGN generators to all BS antenna connectors for diversity reception via a combining network as shown in annex D.5 and D.6 for BS type 1-C and type 1-H respectively.
2)	Adjust the AWGN generator, according to the combinations of SCS and channel bandwidth defined in table 8.3.2.2.4.2-1.
Table 8.3.2.2.4.2-1: AWGN power level at the BS input
	Sub-carrier spacing (kHz)
	Channel bandwidth (MHz)
	AWGN power level

	15 kHz
	5
	-83.5 dBm / 4.5 MHz

	
	10
	-80.3 dBm / 9.36 MHz

	
	20
	-77.2 dBm / 19.08 MHz

	30 kHz
	10
	-80.6 dBm / 8.64 MHz

	
	20
	-77.4 dBm / 18.36 MHz

	
	40
	-74.2 dBm / 38.16 MHz

	
	100
	-70.1 dBm / 98.28 MHz



3)	The characteristics of the wanted signal shall be configured according to TS 38.211 [17], and the specific test parameters are configured as below:
Table 8.3.2.2.4.2-2: Test parameters
	Parameter
	Values

	Number of information bits
	2

	Number of PRBs
	1

	Number of symbols
	14

	First PRB prior to frequency hopping
	0

	Intra-frequency hopping
	enabled

	First PRB after frequency hopping
	The largest PRB index - (nrofPRBs – 1)

	Group and sequence hopping
	neither

	Hopping ID
	0

	Initial cyclic shift
	0

	First symbol
	0

	Index of orthogonal cover code (timeDomainOCC)
	0



4)	The multipath fading emulators shall be configured according to the corresponding channel model defined in annex G.
5)	Adjusting the equipment so that the SNR specified in table 8.3.2.2.5-1 and table 8.3.2.2.5-2 is achieved at the BS input during the transmissions.
6) The signal generator sends random codewords from applicable codebook, in regular time periods. The following statistics are kept: the number of ACK bits falsely detected in the idle periods and the number of missed ACK bits. Each falsely detected ACK bit in the idle periods is accounted as one error for the statistics of false ACK detection, and each missed ACK bit is accounted as one error for the statistics of missed ACK detection. 
Note that the procedure described in this clause for ACK missed detection has the same condition as that described in clause 8.3.2.1.4.2 for NACK to ACK detection. Both statistics are measured in the same testing.
Figure 8.3.2.2.4.2-1: Void
[bookmark: _Toc21100157][bookmark: _Toc29809955][bookmark: _Toc36645348][bookmark: _Toc37272402][bookmark: _Toc45884648][bookmark: _Toc53182680][bookmark: _Toc58860464][bookmark: _Toc61182581]8.3.2.2.5	Test Requirement
The fraction of falsely detected ACK bits shall be less than 1% and the fraction of correctly detected ACK bits shall be larger than 99% for the SNR listed in tables 8.3.2.2.5-1 and table 8.3.2.2.5-2.
Table 8.3.2.2.5-1 Required SNR for PUCCH format 1 with 15 kHz SCS
	Number of
	Number
	Cyclic 
	Propagation
	Channel bandwidth / SNR (dB)

	TX antennas
	of RX antennas
	Prefix
	conditions and correlation matrix (annex G)
	5 MHz
	10 MHz
	20 MHz

	
	2
	Normal
	TDLC300-100 Low
	-4.4
	-3.8
	-4.4

	1
	4
	Normal
	TDLC300-100 Low
	-8.0
	-7.6
	-7.9

	
	8
	Normal
	TDLC300-100 Low
	-10.1
	-10.9
	-10.9



Table 8.3.2.2.5-2 Required SNR for PUCCH format 1 with 30 kHz SCS
	Number
	Number
	Cyclic
	Propagation
	Channel bandwidth / SNR (dB)

	of TX antennas
	of RX antennas
	Prefix
	conditions and correlation matrix (annex G)
	10 MHz
	20 MHz
	40 MHz
	100 MHz

	
	2
	Normal
	TDLC300-100 Low
	-3.3
	-3.8
	-3.8
	-3.6

	1
	4
	Normal
	TDLC300-100 Low
	-7.4
	-7.5
	-7.8
	-7.7

	
	8
	Normal
	TDLC300-100 Low
	-10.8
	-10.8
	-10.8
	-10.8



[bookmark: _Toc21100158][bookmark: _Toc29809956][bookmark: _Toc36645349][bookmark: _Toc37272403][bookmark: _Toc45884649][bookmark: _Toc53182681][bookmark: _Toc58860465][bookmark: _Toc61182582]8.3.3	Performance requirements for PUCCH format 2
[bookmark: _Toc21100159][bookmark: _Toc29809957][bookmark: _Toc36645350][bookmark: _Toc37272404][bookmark: _Toc45884650][bookmark: _Toc53182682][bookmark: _Toc58860466][bookmark: _Toc61182583]8.3.3.1	ACK missed detection
[bookmark: _Toc21100160][bookmark: _Toc29809958][bookmark: _Toc36645351][bookmark: _Toc37272405][bookmark: _Toc45884651][bookmark: _Toc53182683][bookmark: _Toc58860467][bookmark: _Toc61182584]8.3.3.1.1	Definition and applicability
The performance requirement of PUCCH format 2 for ACK missed detection is determined by the two parameters: probability of false detection of the ACK and the probability of detection of ACK. The performance is measured by the required SNR at probability of detection equal to 0.99. The probability of false detection of the ACK shall be 0.01 or less.
The probability of false detection of the ACK is defined as a probability of erroneous detection of the ACK when input is only noise.
The probability of detection of ACK is defined as probability of detection of the ACK when the signal is present.
Which specific test(s) are applicable to BS is based on the test applicability rules defined in clause 8.1.2. 
The transient period as specified in TS 38.101-1 [21] clause 6.3.3.1 is not taken into account for performance requirement testing, where the RB hopping is symmetric to the CC center, i.e. intra-slot frequency hopping is enabled.
[bookmark: _Toc21100161][bookmark: _Toc29809959][bookmark: _Toc36645352][bookmark: _Toc37272406][bookmark: _Toc45884652][bookmark: _Toc53182684][bookmark: _Toc58860468][bookmark: _Toc61182585]8.3.3.1.2	Minimum requirements
The minimum requirements are in TS 38.104 [2] clause 8.3.4.
[bookmark: _Toc21100162][bookmark: _Toc29809960][bookmark: _Toc36645353][bookmark: _Toc37272407][bookmark: _Toc45884653][bookmark: _Toc53182685][bookmark: _Toc58860469][bookmark: _Toc61182586]8.3.3.1.3	Test purpose
The test shall verify the receiver's ability to detect ACK bits under multipath fading propagation conditions for a given SNR.
[bookmark: _Toc21100163][bookmark: _Toc29809961][bookmark: _Toc36645354][bookmark: _Toc37272408][bookmark: _Toc45884654][bookmark: _Toc53182686][bookmark: _Toc58860470][bookmark: _Toc61182587]8.3.3.1.4	Method of test
[bookmark: _Toc21100164][bookmark: _Toc29809962][bookmark: _Toc36645355][bookmark: _Toc37272409][bookmark: _Toc45884655][bookmark: _Toc53182687][bookmark: _Toc58860471][bookmark: _Toc61182588]8.3.3.1.4.1	Initial Condition
[bookmark: _Toc21100165]Test environment: Normal, see annex B.2.
RF channels to be tested for single carrier; M; see clause 4.9.1
[bookmark: _Toc29809963][bookmark: _Toc36645356][bookmark: _Toc37272410][bookmark: _Toc45884656][bookmark: _Toc53182688][bookmark: _Toc58860472][bookmark: _Toc61182589]8.3.3.1.4.2	Procedure
1)	Connect the BS tester generating the wanted signal, multipath fading simulators and AWGN generators to all BS antenna connectors for diversity reception via a combining network as shown in annex D.5 and D.6 for BS type 1-C and type 1-H respectively.
2)	Adjust the AWGN generator, according to the channel bandwidth defined in table 8.3.3.1.4.2-1.
Table 8.3.3.1.4.2-1: AWGN power level at the BS input
	Sub-carrier spacing (kHz)
	Channel bandwidth (MHz)
	AWGN power level

	15 
	5
	-83.5 dBm / 4.5 MHz

	
	10
	-80.3 dBm / 9.36 MHz

	
	20
	-77.2 dBm / 19.08MHz 

	30 
	10
	-80.6 dBm / 8.64 MHz

	
	20
	-77.4 dBm / 18.36 MHz

	
	40
	-74.2 dBm / 38.16 MHz

	
	100
	-70.1 dBm / 98.28 MHz



3)	The characteristics of the wanted signal shall be configured according to TS 38.211 [17], and the specific test parameters are configured as blow:
Table 8.3.3.1.4.2-2: Test parameters
	Parameter
	Values

	Modulation order
	QPSK

	First PRB prior to frequency hopping
	0

	Intra-slot frequency hopping
	N/A

	First PRB after frequency hopping
	The largest PRB index - (Number of PRBs - 1)

	Number of PRBs
	4

	Number of symbols
	1

	The number of UCI information bits
	4

	First symbol
	13

	DM-RS sequence generation
	NID0=0



4)	The multipath fading emulators shall be configured according to the corresponding channel model defined in annex G.
5)	Adjust the equipment so that the SNR specified in table 8.3.3.1.5-1 and table 8.3.3.1.5-2 is achieved at the BS input during the UCI transmissions.
[bookmark: _MON_1283843391]6)	The signal generator sends a test pattern with the pattern outlined in figure 8.3.3.1.4.2-1. The following statistics are kept: the number of ACKs detected in the idle periods and the number of missed ACKs.


Figure 8.3.3.1.4.2-1: Test signal pattern for PUCCH format 2 demodulation tests
[bookmark: _Toc21100166][bookmark: _Toc29809964][bookmark: _Toc36645357][bookmark: _Toc37272411][bookmark: _Toc45884657][bookmark: _Toc53182689][bookmark: _Toc58860473][bookmark: _Toc61182590]8.3.3.1.5	Test requirements
The fraction of falsely detected ACKs shall be less than 1% and the fraction of correctly detected ACKs shall be larger than 99% for the SNR listed in table 8.3.3.1.5-1 and table 8.3.3.1.5-2.
Table 8.3.3.1.5-1: Required SNR for PUCCH format 2 with 15 kHz SCS
	Number of TX
	Number of RX
	Cyclic Prefix
	Propagation
	Channel bandwidth / SNR (dB)

	antennas
	antennas
	
	conditions and correlation matrix (annex G)
	5 MHz
	10 MHz
	20 MHz

	
	2
	Normal
	TDLC300-100 Low
	6.4
	6.2
	6.5

	1
	4
	Normal
	TDLC300-100 Low
	1.0
	1.1
	0.9

	
	8
	Normal
	TDLC300-100 Low
	-2.9
	-2.9
	-2.9



Table 8.3.3.1.5-2: Required SNR for PUCCH format 2 with 30 kHz SCS
	Number of TX
	Number of RX
	Cyclic Prefix
	Propagation
	Channel bandwidth / SNR (dB)

	antennas
	antennas
	
	conditions and correlation matrix (annex G)
	10MHz
	20MHz
	40MHz
	100MHz

	
	2
	Normal
	TDLC300-100 Low
	6.1
	6.2
	6.1
	6.3

	1
	4
	Normal
	TDLC300-100 Low
	0.9
	0.8
	0.9
	1.0

	
	8
	Normal
	TDLC300-100 Low
	-3.0
	-3.0
	-2.9
	-2.7



[bookmark: _Toc21100167][bookmark: _Toc29809965][bookmark: _Toc36645358][bookmark: _Toc37272412][bookmark: _Toc45884658][bookmark: _Toc53182690][bookmark: _Toc58860474][bookmark: _Toc61182591]8.3.3.2	UCI BLER performance requirements
[bookmark: _Toc21100168][bookmark: _Toc29809966][bookmark: _Toc36645359][bookmark: _Toc37272413][bookmark: _Toc45884659][bookmark: _Toc53182691][bookmark: _Toc58860475][bookmark: _Toc61182592]8.3.3.2.1	Definition and applicability
The performance is measured by the required SNR at UCI block error probability not exceeding 1%.
The UCI block error probability is defined as the probability of incorrectly decoding the UCI information when the UCI information is sent. The UCI information does not contain CSI part 2.
Which specific test(s) are applicable to BS is based on the test applicability rules defined in clause 8.1.2
The transient period as specified in TS 38.101-1 [21] clause 6.3.3.1 is not taken into account for performance requirement testing, where the RB hopping is symmetric to the CC center, i.e. intra-slot frequency hopping is enabled.
[bookmark: _Toc21100169][bookmark: _Toc29809967][bookmark: _Toc36645360][bookmark: _Toc37272414][bookmark: _Toc45884660][bookmark: _Toc53182692][bookmark: _Toc58860476][bookmark: _Toc61182593]8.3.3.2.2	Minimum Requirement
The minimum requirement is TS 38.104 [2] clause 8.3.4.
[bookmark: _Toc21100170][bookmark: _Toc29809968][bookmark: _Toc36645361][bookmark: _Toc37272415][bookmark: _Toc45884661][bookmark: _Toc53182693][bookmark: _Toc58860477][bookmark: _Toc61182594]8.3.3.2.3	Test purpose
The test shall verify the receiver's ability to detect UCI under multipath fading propagation conditions for a given SNR.
[bookmark: _Toc21100171][bookmark: _Toc29809969][bookmark: _Toc36645362][bookmark: _Toc37272416][bookmark: _Toc45884662][bookmark: _Toc53182694][bookmark: _Toc58860478][bookmark: _Toc61182595]8.3.3.2.4	Method of test
[bookmark: _Toc21100172][bookmark: _Toc29809970][bookmark: _Toc36645363][bookmark: _Toc37272417][bookmark: _Toc45884663][bookmark: _Toc53182695][bookmark: _Toc58860479][bookmark: _Toc61182596]8.3.3.2.4.1	Initial Condition
Test environment: Normal, see annex B.2.
[bookmark: _Toc21100173]RF channels to be tested for single carrier; M; see clause 4.9.1
[bookmark: _Toc29809971][bookmark: _Toc36645364][bookmark: _Toc37272418][bookmark: _Toc45884664][bookmark: _Toc53182696][bookmark: _Toc58860480][bookmark: _Toc61182597]8.3.3.2.4.2	Procedure
1)	Connect the BS tester generating the wanted signal, multipath fading simulators and AWGN generators to all BS antenna connectors for diversity reception via a combining network as shown in annex D.5 and D.6 for BS type 1-C and BS type 1-H respectively.
2)	Adjust the AWGN generator, according to the channel bandwidth defined in table 8.3.3.2.4.2-1.
Table 8.3.3.2.4.2-1: AWGN power level at the BS input
	Sub-carrier spacing (kHz)
	Channel bandwidth (MHz)
	AWGN power level

	15 
	5
	-83.5 dBm / 4.5 MHz

	
	10
	-80.3 dBm / 9.36 MHz

	
	20
	-77.2 dBm / 19.08 MHz 

	30 
	10
	-80.6 dBm / 8.64 MHz

	
	20
	-77.4 dBm / 18.36 MHz

	
	40
	-74.2 dBm / 38.16 MHz

	
	100
	-70.1 dBm / 98.28 MHz



3)	The characteristics of the wanted signal shall be configured according to TS 38.211 [17], and the specific test parameters are configured as blow:
Table 8.3.3.2.4.2-2: Test parameters
	Parameter
	Values

	Modulation order
	QPSK

	First PRB prior to frequency hopping
	0

	Intra-slot frequency hopping
	enabled

	First PRB after frequency hopping
	The largest PRB index – (Number of PRBs - 1)

	Number of PRBs
	9

	Number of symbols
	2

	The number of UCI information bits
	22

	First symbol
	12

	DM-RS sequence generation
	NID0=0



4)	The multipath fading emulators shall be configured according to the corresponding channel model defined in annex G.
5)	Adjust the equipment so that the SNR specified in table 8.3.3.2.5-1 or table 8.3.3.2.5-2 is achieved at the BS input during the UCI transmissions.
6)	The signal generator sends a test pattern with the pattern outlined in figure 8.3.3.2.4.2-1. The following statistics are kept: the number of incorrectly decoded UCI.


Figure 8.3.3.2.4.2-1: Test signal pattern for PUCCH format 2 demodulation tests
[bookmark: _Toc21100174][bookmark: _Toc29809972][bookmark: _Toc36645365][bookmark: _Toc37272419][bookmark: _Toc45884665][bookmark: _Toc53182697][bookmark: _Toc58860481][bookmark: _Toc61182598]8.3.3.2.5	Test requirements
The fraction of incorrectly decoded UCI shall be less than 1% for the SNR listed in table 8.3.3.2.5-1 and table 8.3.3.2.5-2.
Table 8.3.3.2.5-1: Required SNR for PUCCH format 2 with 15 kHz SCS
	Number of TX
	Number of 
	Cyclic 
	Propagation
	Channel bandwidth / SNR (dB)

	antennas
	RX antennas
	Prefix
	conditions and correlation matrix (annex G)
	5 MHz
	10 MHz
	20 MHz

	
	2
	Normal
	TDLC300-100 Low
	0.8
	1.4
	1.8

	1
	4
	Normal
	TDLC300-100 Low
	-3.0
	-2.6
	-2.6

	
	8
	Normal
	TDLC300-100 Low
	-6.2
	-6.1
	-6.2



Table 8.3.3.2.5-2: Required SNR for PUCCH format 2 with 30 kHz SCS
	Number of TX
	Number of 
	Cyclic 
	Propagation
	Channel bandwidth / SNR (dB)

	antennas
	RX antennas
	Prefix
	conditions and correlation matrix (annex G)
	10MHz
	20MHz
	40MHz
	100MHz

	
	2
	Normal
	TDLC300-100 Low
	1.1
	1.7
	1.0
	0.9

	1
	4
	Normal
	TDLC300-100 Low
	-2.7
	-2.3
	-2.7
	-2.8

	
	8
	Normal
	TDLC300-100 Low
	-5.2
	-5.2
	-6.1
	-5.3



[bookmark: _Toc21100175][bookmark: _Toc29809973][bookmark: _Toc36645366][bookmark: _Toc37272420][bookmark: _Toc45884666][bookmark: _Toc53182698][bookmark: _Toc58860482][bookmark: _Toc61182599]8.3.4	Performance requirements for PUCCH format 3
[bookmark: _Toc21100176][bookmark: _Toc29809974][bookmark: _Toc36645367][bookmark: _Toc37272421][bookmark: _Toc45884667][bookmark: _Toc53182699][bookmark: _Toc58860483][bookmark: _Toc61182600]8.3.4.1	Definition and applicability
The performance is measured by the required SNR at UCI block error probability not exceeding 1%.
The UCI block error probability is defined as the conditional probability of incorrectly decoding the UCI information when the UCI information is sent. The UCI information does not contain CSI part 2.
The transient period as specified in TS 38.101-1 [21] clause 6.3.3.1 is not taken into account for performance requirement testing, where the RB hopping is symmetric to the CC center, i.e. intra-slot frequency hopping is enabled.
Which specific test(s) are applicable to BS is based on the test applicability rules defined in clause 8.1.2.2.
[bookmark: _Toc21100177][bookmark: _Toc29809975][bookmark: _Toc36645368][bookmark: _Toc37272422][bookmark: _Toc45884668][bookmark: _Toc53182700][bookmark: _Toc58860484][bookmark: _Toc61182601]8.3.4.2	Minimum requirement
The minimum requirement is in TS 38.104 [2] clause 8.3.5.
[bookmark: _Toc21100178][bookmark: _Toc29809976][bookmark: _Toc36645369][bookmark: _Toc37272423][bookmark: _Toc45884669][bookmark: _Toc53182701][bookmark: _Toc58860485][bookmark: _Toc61182602]8.3.4.3	Test purpose
The test shall verify the receiver's ability to detect UCI under multipath fading propagation conditions for a given SNR.
[bookmark: _Toc21100179][bookmark: _Toc29809977][bookmark: _Toc36645370][bookmark: _Toc37272424][bookmark: _Toc45884670][bookmark: _Toc53182702][bookmark: _Toc58860486][bookmark: _Toc61182603]8.3.4.4	Method of test
[bookmark: _Toc21100180][bookmark: _Toc29809978][bookmark: _Toc36645371][bookmark: _Toc37272425][bookmark: _Toc45884671][bookmark: _Toc53182703][bookmark: _Toc58860487][bookmark: _Toc61182604]8.3.4.4.1	Initial conditions
Test environment: Normal; see annex B.2.
[bookmark: _Toc21100181]RF channels to be tested for single carrier: M; see clause 4.9.1
[bookmark: _Toc29809979][bookmark: _Toc36645372][bookmark: _Toc37272426][bookmark: _Toc45884672][bookmark: _Toc53182704][bookmark: _Toc58860488][bookmark: _Toc61182605]8.3.4.4.2	Procedure
1)	Connect the BS tester generating the wanted signal, multipath fading simulators and AWGN generators to all BS antenna connectors for diversity reception via a combining network as shown in annex D.5 and D.6 for BS type 1-C and BS type 1-H respectively.
2)	Adjust the AWGN generator, according to the subcarrier spacing and channel bandwidth defined in table 8.3.4.4.2-1.
Table 8.3.4.4.2-1: AWGN power level at the BS input
	Sub-carrier spacing (kHz)
	Channel bandwidth (MHz)
	AWGN power level

	15 
	5
	-83.5 dBm / 4.5 MHz

	
	10
	-80.3 dBm / 9.36 MHz

	
	20
	-77.2 dBm / 19.08 MHz

	30 
	10
	-80.6 dBm / 8.64 MHz

	
	20
	-77.4 dBm / 18.36 MHz

	
	40
	-74.2 dBm / 38.16 MHz

	
	100
	70.1 dBm / 98.28 MHz



3)	The characteristics of the wanted signal shall be configured according to TS 38.211 [17]. The specific test parameters are configured as below:
Table 8.3.4.4.2-2: Test parameters
	Parameter
	Test 1
	Test 2

	Modulation order
	QPSK

	First PRB prior to frequency hopping
	0

	Intra-slot frequency hopping
	enabled

	First PRB after frequency hopping
	The largest PRB index - (Number of PRBs - 1)

	Group and sequence hopping
	neither

	Hopping ID
	0

	Number of PRBs
	1
	3

	Number of symbols
	14
	4

	The number of UCI information bits
	16
	16

	First symbol
	0
	0



4)	The multipath fading emulators shall be configured according to the corresponding channel model defined in annex G.
5)	Adjust the equipment so that the SNR specified in table 8.3.4.5-1 or table 8.3.4.5-2 is achieved at the BS input during the UCI transmissions.
6)	The signal generator sends a test pattern with the pattern outlined in figure 8.3.4.4.2-1. The following statistics are kept: the number of incorrectly decoded UCI.


Figure 8.3.4.4.2-1: Test signal pattern for PUCCH format 3 demodulation tests
[bookmark: _Toc21100182][bookmark: _Toc29809980][bookmark: _Toc36645373][bookmark: _Toc37272427][bookmark: _Toc45884673][bookmark: _Toc53182705][bookmark: _Toc58860489][bookmark: _Toc61182606]8.3.4.5	Test requirement
The fraction of incorrectly decoded UCI is shall be less than 1% for the SNR listed in table 8.3.4.5-1 and table 8.3.4.5-2.
Table 8.3.4.5-1: Required SNR for PUCCH format 3 with 15 kHz SCS
	Test Number
	Number of TX 
	Number of RX 
	Cyclic Prefix
	Propagation conditions and
	Additional DM-RS 
	Channel bandwidth / SNR (dB)

	
	antennas
	antennas
	
	correlation matrix (annex G)
	configuration
	5 MHz
	10 MHz
	20 MHz

	1
	1
	2
	Normal
	TDLC300-100 Low
	No additional DM-RS
	0.8
	1.7
	0.9

	
	
	
	
	
	Additional DM-RS
	0.5
	1.1
	0.5

	
	
	4
	Normal
	TDLC300-100 Low
	No additional DM-RS
	 -3.2
	 -2.7
	 -3.2

	
	
	
	
	
	Additional DM-RS
	 -3.7
	 -3.4
	 -3.4

	
	
	8
	Normal
	TDLC300-100 Low
	No additional DM-RS
	 -6.4
	 -6.1
	 -6.3

	
	
	
	
	
	Additional DM-RS
	 -7.1
	 -6.9
	 -7.1

	2
	2
	2
	Normal
	TDLC300-100 Low
	No additional DM-RS
	2.0
	2.8
	2.6

	
	
	4
	Normal
	TDLC300-100 Low
	No additional DM-RS
	-2.5
	-1.9
	-1.9

	
	
	8
	Normal
	TDLC300-100 Low
	No additional DM-RS
	-5.9
	-5.4
	-5.6



Table 8.3.4.5-2: Required SNR for PUCCH format 3 with 30 kHz SCS
	Test Number
	Number of TX 
	Number of RX 
	Cyclic Prefix
	Propagation conditions 
	Additional DM-RS 
	Channel bandwidth / SNR (dB)

	
	antennas
	antennas
	
	and correlation matrix 
(annex G)
	configuration
	10 MHz
	20 MHz
	40 MHz
	100 MHz

	1
	1
	2
	Normal
	TDLC300-100 Low
	No additional DM-RS
	1.5
	1.2
	1.2
	1.5

	
	
	
	
	
	Additional DM-RS
	1.1
	0.9
	0.6
	0.7

	
	
	4
	Normal
	TDLC300-100 Low
	No additional DM-RS
	-2.5
	-2.8
	-2.6
	-2.9

	
	
	
	
	
	Additional DM-RS
	-3.1
	-3.5
	-3.4
	-3.6

	
	
	8
	Normal
	TDLC300-100 Low
	No additional DM-RS
	-6.0
	-6.1
	-6.2
	-6.2

	
	
	
	
	
	Additional DM-RS
	-6.9
	-7.0
	-7.0
	-7.1

	2
	1
	2
	Normal
	TDLC300-100 Low
	No additional DM-RS
	2.4
	2.6
	2.6
	2.1

	
	
	4
	Normal
	TDLC300-100 Low
	No additional DM-RS
	-2.3
	-2.4
	-1.8
	-2.4

	
	
	8
	Normal
	TDLC300-100 Low
	No additional DM-RS
	-5.8
	-5.4
	-5.8
	-5.6



[bookmark: _Toc21100183][bookmark: _Toc29809981][bookmark: _Toc36645374][bookmark: _Toc37272428][bookmark: _Toc45884674][bookmark: _Toc53182706][bookmark: _Toc58860490][bookmark: _Toc61182607]8.3.5	Performance requirements for PUCCH format 4
[bookmark: _Toc21100184][bookmark: _Toc29809982][bookmark: _Toc36645375][bookmark: _Toc37272429][bookmark: _Toc45884675][bookmark: _Toc53182707][bookmark: _Toc58860491][bookmark: _Toc61182608]8.3.5.1	Definition and applicability
The performance is measured by the required SNR at UCI block error probability not exceeding 1%.
The UCI block error probability is defined as the conditional probability of incorrectly decoding the UCI information when the UCI information is sent. The UCI information does not contain CSI part 2.
The transient period as specified in TS 38.101-1 [21] clause 6.3.3.1 is not taken into account for performance requirement testing, where the RB hopping is symmetric to the CC center, i.e. intra-slot frequency hopping is enabled.
Which specific test(s) are applicable to BS is based on the test applicability rules defined in clause 8.1.2.2.
[bookmark: _Toc21100185][bookmark: _Toc29809983][bookmark: _Toc36645376][bookmark: _Toc37272430][bookmark: _Toc45884676][bookmark: _Toc53182708][bookmark: _Toc58860492][bookmark: _Toc61182609]8.3.5.2	Minimum requirement
The minimum requirement is in TS 38.104 [2] clause 8.3.6.
[bookmark: _Toc21100186][bookmark: _Toc29809984][bookmark: _Toc36645377][bookmark: _Toc37272431][bookmark: _Toc45884677][bookmark: _Toc53182709][bookmark: _Toc58860493][bookmark: _Toc61182610]8.3.5.3	Test purpose
The test shall verify the receiver's ability to detect UCI under multipath fading propagation conditions for a given SNR.
[bookmark: _Toc21100187][bookmark: _Toc29809985][bookmark: _Toc36645378][bookmark: _Toc37272432][bookmark: _Toc45884678][bookmark: _Toc53182710][bookmark: _Toc58860494][bookmark: _Toc61182611]8.3.5.4	Method of test
[bookmark: _Toc21100188][bookmark: _Toc29809986][bookmark: _Toc36645379][bookmark: _Toc37272433][bookmark: _Toc45884679][bookmark: _Toc53182711][bookmark: _Toc58860495][bookmark: _Toc61182612]8.3.5.4.1	Initial conditions
Test environment: Normal; see annex B.2.
[bookmark: _Toc21100189]RF channels to be tested for single carrier: M; see clause 4.9.1
[bookmark: _Toc29809987][bookmark: _Toc36645380][bookmark: _Toc37272434][bookmark: _Toc45884680][bookmark: _Toc53182712][bookmark: _Toc58860496][bookmark: _Toc61182613]8.3.5.4.2	Procedure
1)	Connect the BS tester generating the wanted signal, multipath fading simulators and AWGN generators to all BS antenna connectors for diversity reception via a combining network as shown in annex D.5 and D.6 for BS type 1-C and BS type 1-H respectively.
2)	Adjust the AWGN generator, according to the subcarrier spacing and channel bandwidth defined in table 8.3.5.4.2-1.
Table 8.3.5.4.2-1: AWGN power level at the BS input
	Sub-carrier spacing (kHz)
	Channel bandwidth (MHz)
	AWGN power level

	15 
	5
	-83.5 dBm / 4.5 MHz

	
	10
	-80.3 dBm / 9.36 MHz

	
	20
	-77.2 dBm / 19.08 MHz

	30 
	10
	-80.6 dBm / 8.64 MHz

	
	20
	-77.4 dBm / 18.36 MHz

	
	40
	-74.2 dBm / 38.16 MHz

	
	100
	-70.1 dBm / 98.28 MHz



3)	The characteristics of the wanted signal shall be configured according to TS 38.211 [17]. The test parameters are configured as below:
Table 8.3.5.4.2-2: Test parameters
	Parameter
	Values

	Modulation order
	QPSK

	First PRB prior to frequency hopping
	0

	Number of PRBs
	1

	Intra-slot frequency hopping
	enabled

	First PRB after frequency hopping
	The largest PRB index - (Number of PRBs - 1)

	Group and sequence hopping
	neither

	Hopping ID
	0

	Number of symbols
	14

	The number of UCI information bits
	22

	First symbol
	0

	Length of the orthogonal cover code
	n2

	Index of the orthogonal cover code
	n0



4)	The multipath fading emulators shall be configured according to the corresponding channel model defined in annex G.
5)	Adjust the equipment so that the SNR specified in table 8.3.5.5-1 or table 8.3.5.5-2 is achieved at the BS input during the UCI transmissions.
6)	The signal generator sends a test pattern with the pattern outlined in figure 8.3.5.4.2-1. The following statistics are kept: the number of incorrectly decoded UCI.


Figure 8.3.5.4.2-1: Test signal pattern for PUCCH format 4 demodulation tests
[bookmark: _Toc21100190][bookmark: _Toc29809988][bookmark: _Toc36645381][bookmark: _Toc37272435][bookmark: _Toc45884681][bookmark: _Toc53182713][bookmark: _Toc58860497][bookmark: _Toc61182614]8.3.5.5	Test requirement
The fraction of incorrectly decoded UCI is shall be less than 1% for the SNR listed in table 8.3.5.5-1 and table 8.3.5.5-2.
Table 8.3.5.5-1: Required SNR for PUCCH format 4 with 15 kHz SCS
	Number of TX antennas
	Number of RX 
	Cyclic Prefix
	Propagation conditions and
	Additional DM-RS configuration
	Channel bandwidth / SNR (dB)

	
	antennas
	
	correlation matrix (annex G)
	
	5 MHz
	10 MHz
	20 MHz

	1
	2
	Normal
	TDLC300-100 Low
	No additional DM-RS
	2.4
	3.2
	2.8

	
	
	
	
	Additional DM-RS
	2.2
	3.0
	2.4

	
	4
	Normal
	TDLC300-100 Low
	No additional DM-RS
	-1.7
	-1.3
	-1.6

	
	
	
	
	Additional DM-RS
	-2.3
	-2.0
	-2.1

	
	8
	Normal
	TDLC300-100 Low
	No additional DM-RS
	-5.3
	-5.1
	-5.2

	
	
	
	
	Additional DM-RS
	-6.0
	-5.8
	-5.7



Table 8.3.5.5-2: Required SNR for PUCCH format 4 with 30 kHz SCS
	Number of TX
	Number of RX
	Cyclic Prefix
	Propagation conditions and
	Additional DM-RS configuration
	Channel bandwidth / SNR (dB)

	antennas
	antennas
	
	correlation matrix (annex G)
	
	10 MHz
	20 MHz
	40 MHz
	100 MHz

	1
	2
	Normal
	TDLC300-100 Low
	No additional DM-RS
	3.7
	3.4
	3.7
	3.4

	
	
	
	
	Additional DM-RS
	3.4
	2.9
	3.7
	2.8

	
	4
	Normal
	TDLC300-100 Low
	No additional DM-RS
	-1.1
	-1.3
	-1.1
	-1.5

	
	
	
	
	Additional DM-RS
	-1.4
	-1.9
	-1.9
	-1.8

	
	8
	Normal
	TDLC300-100 Low
	No additional DM-RS
	-5.0
	-4.9
	-4.9
	-4.9

	
	
	
	
	Additional DM-RS
	-5.6
	-5.5
	-5.8
	-5.6



[bookmark: _Toc21100191][bookmark: _Toc29809989][bookmark: _Toc36645382][bookmark: _Toc37272436][bookmark: _Toc45884682][bookmark: _Toc53182714][bookmark: _Toc58860498][bookmark: _Toc61182615]8.3.6	Performance requirements for multi-slot PUCCH
[bookmark: _Toc21100192][bookmark: _Toc29809990][bookmark: _Toc36645383][bookmark: _Toc37272437][bookmark: _Toc45884683][bookmark: _Toc53182715][bookmark: _Toc58860499][bookmark: _Toc61182616]8.3.6.1	Performance requirements for multi-slot PUCCH format 1
[bookmark: _Toc21100193][bookmark: _Toc29809991][bookmark: _Toc36645384][bookmark: _Toc37272438][bookmark: _Toc45884684][bookmark: _Toc53182716][bookmark: _Toc58860500][bookmark: _Toc61182617]8.3.6.1.1	NACK to ACK detection
[bookmark: _Toc21100194][bookmark: _Toc29809992][bookmark: _Toc36645385][bookmark: _Toc37272439][bookmark: _Toc45884685][bookmark: _Toc53182717][bookmark: _Toc58860501][bookmark: _Toc61182618]8.3.6.1.1.1	Definition and applicability
The performance requirement of multi-slot PUCCH format 1 for NACK to ACK detection is determined by the two parameters: probability of false detection of the ACK and the NACK to ACK detection probability. The performance is measured by the required SNR at probability of the NACK to ACK detection equal to 0.1 % or less. The probability of false detection of the ACK shall be 0.01 % or less.
The probability of false detection of the ACK is defined as a conditional probability of erroneous detection of the ACK at particular bit position when input is only noise. Each false bit detection is counted as one error.
The NACK to ACK detection probability is the probability of detecting an ACK bit when an NACK bit was sent on particular bit position. Each NACK bit erroneously detected as ACK bit is counted as one error. Erroneously detected NACK bits in the definition do not contain the NACK bits which are mapped from DTX, i.e. NACK bits received when DTX is sent should not be considered.
[bookmark: _Toc21100195]Which specific test(s) are applicable to BS is based on the test applicability rules defined in clause 8.1.2.2.
[bookmark: _Toc29809993][bookmark: _Toc36645386][bookmark: _Toc37272440][bookmark: _Toc45884686][bookmark: _Toc53182718][bookmark: _Toc58860502][bookmark: _Toc61182619]8.3.6.1.1.2	Minimum Requirement
The minimum requirement is in TS 38.104 [2] clause 8.3.3.
[bookmark: _Toc21100196][bookmark: _Toc29809994][bookmark: _Toc36645387][bookmark: _Toc37272441][bookmark: _Toc45884687][bookmark: _Toc53182719][bookmark: _Toc58860503][bookmark: _Toc61182620]8.3.6.1.1.3	Test purpose
The test shall verify the receiver's ability not to falsely detect NACK bits as ACK bits under multipath fading propagation conditions for a given SNR.
[bookmark: _Toc21100197][bookmark: _Toc29809995][bookmark: _Toc36645388][bookmark: _Toc37272442][bookmark: _Toc45884688][bookmark: _Toc53182720][bookmark: _Toc58860504][bookmark: _Toc61182621]8.3.6.1.1.4	Method of test
[bookmark: _Toc21100198][bookmark: _Toc29809996][bookmark: _Toc36645389][bookmark: _Toc37272443][bookmark: _Toc45884689][bookmark: _Toc53182721][bookmark: _Toc58860505][bookmark: _Toc61182622]8.3.6.1.1.4.1	Initial conditions
Test environment: Normal; see annex B.2.
[bookmark: _Toc21100199]RF channels to be tested: for single carrier: M; see clause 4.9.1.

[bookmark: _Toc29809997][bookmark: _Toc36645390][bookmark: _Toc37272444][bookmark: _Toc45884690][bookmark: _Toc53182722][bookmark: _Toc58860506][bookmark: _Toc61182623]8.3.6.1.1.4.2	Procedure
1)	Connect the BS tester generating the wanted signal, multipath fading simulators and AWGN generators to all BS antenna connectors for diversity reception via a combining network as shown in annex D.5 and D.6 for BS type 1-C and BS type 1-H respectively.
2)	Adjust the AWGN generator, according to the combinations of SCS and channel bandwidth defined in Table 8.3.6.1.1.4.2-1.
Table 8.3.6.1.1.4.2-1: AWGN power level at the BS input
	Sub-carrier spacing (kHz)
	Channel bandwidth (MHz)
	AWGN power level

	15 
	5
	-83.5 dBm / 4.5 MHz

	
	10
	-80.3 dBm / 9.36 MHz

	
	20
	-77.2 dBm / 19.08 MHz

	30 
	10
	-80.6 dBm / 8.64 MHz

	
	20
	-77.4 dBm / 18.36 MHz

	
	40
	-74.2 dBm / 38.16 MHz

	
	100
	-70.1 dBm / 98.28 MHz



3)	The characteristics of the wanted signal shall be configured according to TS 38.211 [17], and the specific test parameters are configured as below:
Table 8.3.6.1.1.4.2-2: Test parameters for multi-slot PUCCH format 1
	Parameter
	Test

	Number of information bits
	2

	Number of PRBs
	1

	Number of symbols
	14

	First PRB prior to frequency hopping
	0

	Intra-slot frequency hopping
	disabled

	Inter-slot frequency hopping 
	enabled

	First PRB after frequency hopping
	The largest PRB index - (nrofPRBs – 1)

	Group and sequence hopping
	neither

	Hopping ID
	0

	Initial cyclic shift
	0

	First symbol
	0

	Index of orthogonal cover code (timeDomainOCC)
	0

	Number of slots for PUCCH repetition
	2



[bookmark: _Toc21100200]4)	The multipath fading emulators shall be configured according to the corresponding channel model defined in annex G.
5)	Adjusting the equipment so that the SNR specified in table 8.3.6.1.1.5-1 is achieved at the BS input during the transmissions.
6)	The signal generator sends random codeword from applicable codebook, in regular time periods. The following statistics are kept: the number of ACK bits detected in the idle periods and the number of NACK bits detected as ACK.
[bookmark: _Toc29809998][bookmark: _Toc36645391][bookmark: _Toc37272445][bookmark: _Toc45884691][bookmark: _Toc53182723][bookmark: _Toc58860507][bookmark: _Toc61182624]8.3.6.1.1.5	Test Requirement
The fraction of falsely detected ACK bits shall be less than 1 % and the fraction of NACK bits falsely detected as ACK shall be less than 0.1 % for the SNR listed in table 8.3.6.1.1.5-1.
Table 8.3.6.1.1.5-1: Minimum requirements for multi-slot PUCCH format 1 with 30 kHz SCS
	Number of TX antennas
	Number of RX 
	Cyclic Prefix
	Propagation conditions and
	Channel bandwidth / SNR (dB)

	
	antennas
	
	correlation matrix (annex G)
	40 MHz

	1
	2
	Normal
	TDLC-300-100 Low
	-5.7



[bookmark: _Toc21100201][bookmark: _Toc29809999][bookmark: _Toc36645392][bookmark: _Toc37272446][bookmark: _Toc45884692][bookmark: _Toc53182724][bookmark: _Toc58860508][bookmark: _Toc61182625]8.3.6.1.2	ACK missed detection
[bookmark: _Toc21100202][bookmark: _Toc29810000][bookmark: _Toc36645393][bookmark: _Toc37272447][bookmark: _Toc45884693][bookmark: _Toc53182725][bookmark: _Toc58860509][bookmark: _Toc61182626]8.3.6.1.2.1	Definition and applicability
The performance requirement of PUCCH format 1 for ACK missed detection is determined by the two parameters: probability of false detection of the ACK and the probability of detection of ACK. The performance is measured by the required SNR at probability of detection equal to 0.99. The probability of false detection of the ACK shall be 0.01 or less.
The probability of false detection of the ACK is defined as a conditional probability of erroneous detection of the ACK when input is only noise.
The probability of detection of ACK is defined as conditional probability of detection of the ACK when the signal is present.
[bookmark: _Toc21100203][bookmark: _Toc29810001][bookmark: _Toc36645394][bookmark: _Toc37272448][bookmark: _Toc45884694][bookmark: _Toc53182726][bookmark: _Toc58860510][bookmark: _Toc61182627]8.3.6.1.2.2	Minimum Requirement
The minimum requirement is in TS 38.104 [2] clause 8.3.3.
[bookmark: _Toc21100204][bookmark: _Toc29810002][bookmark: _Toc36645395][bookmark: _Toc37272449][bookmark: _Toc45884695][bookmark: _Toc53182727][bookmark: _Toc58860511][bookmark: _Toc61182628]8.3.6.1.2.3	Test purpose
The test shall verify the receiver's ability to detect ACK bits under multipath fading propagation conditions for a given SNR.
[bookmark: _Toc21100205][bookmark: _Toc29810003][bookmark: _Toc36645396][bookmark: _Toc37272450][bookmark: _Toc45884696][bookmark: _Toc53182728][bookmark: _Toc58860512][bookmark: _Toc61182629]8.3.6.1.2.4	Method of test
[bookmark: _Toc21100206][bookmark: _Toc29810004][bookmark: _Toc36645397][bookmark: _Toc37272451][bookmark: _Toc45884697][bookmark: _Toc53182729][bookmark: _Toc58860513][bookmark: _Toc61182630]8.3.6.1.2.4.1	Initial conditions
Test environment: Normal; see annex B.2.
[bookmark: _Toc21100207]RF channels to be tested: for single carrier: M; see clause 4.9.1.
[bookmark: _Toc29810005][bookmark: _Toc36645398][bookmark: _Toc37272452][bookmark: _Toc45884698][bookmark: _Toc53182730][bookmark: _Toc58860514][bookmark: _Toc61182631]8.3.6.1.2.4.2	Procedure
1)	Connect the BS tester generating the wanted signal, multipath fading simulators and AWGN generators to all BS antenna connectors for diversity reception via a combining network as shown in annex D.5 and D.6 for BS type 1-C and BS type 1-H respectively.
2)	Adjust the AWGN generator, according to the combinations of SCS and channel bandwidth defined in table 8.3.6.1.2.4.2-1.
Table 8.3.6.1.2.4.2-1: AWGN power level at the BS input
	Sub-carrier spacing (kHz)
	Channel bandwidth (MHz)
	AWGN power level

	15 
	5
	-83.5 dBm / 4.5 MHz

	
	10
	-80.3 dBm / 9.36 MHz

	
	20
	-77.2 dBm / 19.08 MHz

	30 
	10
	-80.6 dBm / 8.64 MHz

	
	20
	-77.4 dBm / 18.36 MHz

	
	40
	-74.2 dBm / 38.16 MHz

	
	100
	-70.1 dBm / 98.28 MHz



3)	The characteristics of the wanted signal shall be configured according to TS 38.211 [17], and the specific test parameters are configured as below:
Table 8.3.6.1.2.4.2-2: Test parameters for multi-slot PUCCH format 1
	Parameter
	Test

	Number of information bits
	2

	Number of PRBs
	1

	Number of symbols
	14

	First PRB prior to frequency hopping
	0

	Intra-slot frequency hopping
	disabled

	Inter-slot frequency hopping
	enabled

	First PRB after frequency hopping
	The largest PRB index - (nrofPRBs – 1)

	Group and sequence hopping
	neither

	Hopping ID
	0

	Initial cyclic shift
	0

	First symbol
	0

	Index of orthogonal cover code (timeDomainOCC)
	0

	Number of slots for PUCCH repetition
	2



4)	The multipath fading emulators shall be configured according to the corresponding channel model defined in annex G.
5)	Adjusting the equipment so that the SNR specified in table 8.3 is achieved at the BS input during the transmissions.
6) The signal generator sends random codewords from applicable codebook, in regular time periods. The following statistics are kept: the number of ACK bits falsely detected in the idle periods and the number of missed ACK bits. Each falsely detected ACK bit in the idle periods is accounted as one error for the statistics of false ACK detection, and each missed ACK bit is accounted as one error for the statistics of missed ACK detection.
Note that the procedure described in this clause for ACK missed detection has the same condition as that described in clause 8.3.6.1.1.4.2 for NACK to ACK detection. Both statistics are measured in the same testing.
[bookmark: _Toc21100208][bookmark: _Toc29810006][bookmark: _Toc36645399][bookmark: _Toc37272453][bookmark: _Toc45884699][bookmark: _Toc53182731][bookmark: _Toc58860515][bookmark: _Toc61182632]8.3.6.1.2.5	Test Requirement
The fraction of falsely detected ACK bits shall be less than 1 % and the fraction of correctly detected ACK bits shall be larger than 99 % for the SNR listed in table 8.3.6.1.2.5-1.
Table 8.3.6.1.2.5-1: Minimum requirements for multi-slot PUCCH format 1 with 30 kHz SCS
	Number of TX antennas
	Number of RX 
	Cyclic Prefix
	Propagation conditions and
	Channel bandwidth / SNR (dB)

	
	antennas
	
	correlation matrix (annex G)
	40 MHz

	1
	2
	Normal
	TDLC-300-100 Low
	-7.0



[bookmark: _Toc21100209][bookmark: _Toc29810007][bookmark: _Toc36645400][bookmark: _Toc37272454][bookmark: _Toc45884700][bookmark: _Toc53182732][bookmark: _Toc58860516][bookmark: _Toc61182633]8.4	Performance requirements for PRACH
[bookmark: _Toc21100210][bookmark: _Toc29810008][bookmark: _Toc36645401][bookmark: _Toc37272455][bookmark: _Toc45884701][bookmark: _Toc53182733][bookmark: _Toc58860517][bookmark: _Toc61182634]8.4.1	PRACH false alarm probability and missed detection
[bookmark: _Toc21100211][bookmark: _Toc29810009][bookmark: _Toc36645402][bookmark: _Toc37272456][bookmark: _Toc45884702][bookmark: _Toc53182734][bookmark: _Toc58860518][bookmark: _Toc61182635]8.4.1.1	Definition and applicability
The performance requirement of PRACH for preamble detection is determined by the two parameters: total probability of false detection of the preamble (Pfa) and the probability of detection of preamble (Pd). The performance is measured by the required SNR at probability of detection, Pd of 99%. Pfa shall be 0.1% or less.
Pfa is defined as a conditional total probability of erroneous detection of the preamble (i.e. erroneous detection from any detector) when input is only noise.
Pd is defined as conditional probability of detection of the preamble when the signal is present. The erroneous detection consists of several error cases – detecting only different preamble(s) than the one that was sent, not detecting any preamble at all, or detecting the correct preamble but with the out-of-bounds timing estimation value.
For AWGN and TDLC300-100, a timing estimation error occurs if the estimation error of the timing of the strongest path is larger than the time error tolerance values given in table 8.4.1.1-1.
Table 8.4.1.1-1: Time error tolerance for AWGN and TDLC300-100
	PRACH 
	PRACH SCS 
	Time error tolerance

	preamble
	(kHz)
	AWGN
	TDLC300-100

	0
	1.25
	1.04 us
	2.55 us

	A1, A2, A3, B4,
	15
	0.52 us
	2.03 us

	C0, C2
	30
	0.26 us
	1.77 us


[bookmark: _Toc21100212][bookmark: _Toc29810010]
The test preambles for normal mode are listed in table A.6-1. The test preambles for high speed train restricted set type A are listed in table A.6-3 and the test preambles for high speed train restricted set type B are listed in table A.6-4. The test preambles for high speed train short formats are listed in table A.6-5.
Which specific test(s) are applicable to BS is based on the test applicability rules defined in clause 8.1.2. The performance requirements for high speed train (table 8.4.1. 6-1 to 8.4.1.6-4) are optional.
[bookmark: _Toc36645403][bookmark: _Toc37272457][bookmark: _Toc45884703][bookmark: _Toc53182735][bookmark: _Toc58860519][bookmark: _Toc61182636]8.4.1.2	Minimum requirement
The minimum requirement is in TS 38.104 [2] clause 8.4.1.2 and 8.4.2.2.
[bookmark: _Toc21100213][bookmark: _Toc29810011][bookmark: _Toc36645404][bookmark: _Toc37272458][bookmark: _Toc45884704][bookmark: _Toc53182736][bookmark: _Toc58860520][bookmark: _Toc61182637]8.4.1.3	Test purpose
The test shall verify the receiver's ability to detect PRACH preamble under static conditions and multipath fading propagation conditions for a given SNR.
[bookmark: _Toc21100214][bookmark: _Toc29810012][bookmark: _Toc36645405][bookmark: _Toc37272459][bookmark: _Toc45884705][bookmark: _Toc53182737][bookmark: _Toc58860521][bookmark: _Toc61182638]8.4.1.4	Method of test
[bookmark: _Toc21100215][bookmark: _Toc29810013][bookmark: _Toc36645406][bookmark: _Toc37272460][bookmark: _Toc45884706][bookmark: _Toc53182738][bookmark: _Toc58860522][bookmark: _Toc61182639]8.4.1.4.1	Initial conditions
Test environment: Normal; see annex B.2.
[bookmark: _Toc21100216]RF channels to be tested: for single carrier: M; see clause 4.9.1.
[bookmark: _Toc29810014][bookmark: _Toc36645407][bookmark: _Toc37272461][bookmark: _Toc45884707][bookmark: _Toc53182739][bookmark: _Toc58860523][bookmark: _Toc61182640]8.4.1.4.2	Procedure
1)	Connect the BS tester generating the wanted signal, multipath fading simulators and AWGN generators to all BS antenna connectors for diversity reception via a combining network as shown in annex D.5 and D.6 for BS type 1-C and BS type 1-H respectively.
2)	Adjust the AWGN generator, according to the SCS and channel bandwidth.

Table 8.4.1.4.2-1: AWGN power level at the BS input
	Sub-carrier spacing (kHz)
	Channel bandwidth (MHz)
	AWGN power level

	15 
	5
	-83.5 dBm / 4.5MHz

	
	10
	-80.3 dBm / 9.36MHz

	
	20
	-77.2 dBm / 19.08MHz

	30 
	10
	-80.6 dBm / 8.64MHz

	
	20
	-77.4 dBm / 18.36MHz

	
	40
	-74.2 dBm / 38.16MHz

	
	100
	-70.1 dBm / 98.28MHz



[bookmark: _MON_1599395227]3)	The characteristics of the wanted signal shall be configured according to the corresponding UL reference measurement channel defined in annex A and the test parameter msg1-FrequencyStart is set to 0.
4)	The multipath fading emulators shall be configured according to the corresponding channel model defined in annex G.
5)	Adjust the frequency offset of the test signal according to table 8.4.1.5-1 or 8.4.1.5-2 or 8.4.1.5-3 or 8.4.1.6-1 or 8.4.1.6-2 or 8.4.1.6-3 or 8.4.1.6-4.
6)	Adjust the equipment so that the SNR specified in table 8.4.1.5-1 or 8.4.1.5-2 or 8.4.1.5-3 or 8.4.1.6-1 or 8.4.1.6-2 or 8.4.1.6-3 or 8.4.1.6-4 is achieved at the BS input during the PRACH preambles.
7)	The test signal generator sends a preamble and the receiver tries to detect the preamble. This pattern is repeated as illustrated in figure 8.4.1.4.2-1. The preambles are sent with certain timing offsets as described below. The following statistics are kept: the number of preambles detected in the idle period and the number of missed preambles.


Figure 8.4.1.4.2-1: PRACH preamble test pattern
The timing offset base value for PRACH preamble format 0 is set to 50% of Ncs. This offset is increased within the loop, by adding in each step a value of 0.1us, until the end of the tested range, which is 0.9us. Then the loop is being reset and the timing offset is set again to 50% of Ncs. The timing offset scheme for PRACH preamble format 0 is presented in figure 8.4.1.4.2-2.


Figure 8.4.1.4.2-2: Timing offset scheme for PRACH preamble format 0
The timing offset base value for PRACH preamble format A1, A2, A3, B4, C0 and C2 is set to 0. This offset is increased within the loop, by adding in each step a value of 0.1us, until the end of the tested range, which is 0.8 us. Then the loop is being reset and the timing offset is set again to 0. The timing offset scheme for PRACH preamble format A1, A2, A3, B4, C0 and C2 is presented in figure 8.4.1.4.2-3.


Figure 8.4.1.4.2-3: Timing offset scheme for PRACH preamble format A1 A2, A3, B4, C0 and C2
[bookmark: _Toc21100217][bookmark: _Toc29810015][bookmark: _Toc36645408][bookmark: _Toc37272462][bookmark: _Toc45884708][bookmark: _Toc53182740][bookmark: _Toc58860524][bookmark: _Toc61182641]8.4.1.5	Test requirement for Normal Mode
Pfa shall not exceed 0.1%. Pd shall not be below 99% for the SNRs in tables 8.4.1.5-1 to 8.4.1.5-3.
Table 8.4.1.5-1: PRACH missed detection test requirements for Normal Mode, 1.25 kHz SCS
	Number of TX 
	Number of RX 
	Propagation conditions 
	Frequency offset
	SNR (dB)

	antennas
	antennas
	and correlation matrix (annex G)
	
	Burst format 0

	1
	2
	AWGN
	0
	 -14.2

	
	
	TDLC300-100 Low
	400 Hz 
	-6.0

	
	4
	AWGN
	0
	 -16.4

	
	
	TDLC300-100 Low
	400 Hz 
	 -11.3

	
	8
	AWGN
	0
	 -18.6

	
	
	TDLC300-100 Low
	400 Hz 
	 -15.2



Table 8.4.1.5-2: PRACH missed detection test requirements for Normal Mode, 15 kHz SCS
	Number
	Number
	Propagation
	Frequency 
	SNR (dB)

	of TX antennas
	of RX antennas
	conditions and correlation matrix (annex G)
	offset
	Burst format A1
	Burst format A2
	Burst format A3
	Burst format B4
	Burst format C0
	Burst format C2

	1
	2
	AWGN
	0
	-9.0
	-12.3
	-13.9
	-16.5
	-6.0
	-12.2

	
	
	TDLC300-100 Low
	400 Hz
	-1.5
	-4.2
	-6.0
	-8.2
	1.4
	-4.3

	
	4
	AWGN
	0
	-11.3
	-14.0
	-15.7
	-18.7
	-8.4
	-13.8

	
	
	TDLC300-100 Low
	400 Hz
	-6.7
	-9.7
	-11.1
	-13.2
	-3.7
	-9.6

	
	8
	AWGN
	0
	-13.5
	-16.4
	-17.9
	-20.9
	-10.8
	-16.3

	
	
	TDLC300-100 Low
	400 Hz
	-10.4
	-13.3
	-14.6
	-16.7
	-7.5
	-13.3



Table 8.4.1.5-3: PRACH missed detection test requirements for Normal Mode, 30 kHz SCS
	Number
	Number
	Propagation
	Frequency 
	SNR (dB)

	of TX antennas
	of RX antennas
	conditions and correlation matrix (annex G)
	offset
	Burst format A1
	Burst format A2
	Burst format A3
	Burst format B4
	Burst format C0
	Burst format C2

	1
	2
	AWGN
	0
	-8.8
	-11.7
	-13.5
	-16.2
	-5.8
	-11.6

	
	
	TDLC300-100 Low
	400 Hz
	-2.2
	-5.1
	-6.8
	-9.3
	0.7
	-5.0

	
	4
	AWGN
	0
	-11.1
	-13.9
	-15.6
	-18.7
	-8.3
	-13.8

	
	
	TDLC300-100 Low
	400 Hz
	-6.6
	-9.8
	-11.4
	-13.9
	-3.9
	-9.8

	
	8
	AWGN
	0
	-13.4
	-16.3
	-17.8
	-20.8
	-10.7
	-16.2

	
	
	TDLC300-100 Low
	400 Hz
	-10.1
	-13.1
	-14.5
	-17.0
	-7.2
	-13.1



Table 8.4.1.5-4: Void

Table 8.4.1.5-5: Void
[bookmark: _Toc45884709]
[bookmark: _Toc53182741][bookmark: _Toc58860525][bookmark: _Toc61182642]8.4.1.6	Test requirement for high speed train
Pfa shall not exceed 0.1%. Pd shall not be below 99% for the SNRs in tables 8.4.1.6-1 to 8.4.1.6-4.
Table 8.4.1.6-1: PRACH missed detection requirements for high speed train, burst format 0, restricted set type A, 1.25 kHz SCS
	Number of TX 
	Number of RX 
	Propagation conditions 
	Frequency offset
	SNR (dB)

	antennas
	antennas
	and correlation matrix (annex G)
	
	Burst format 0

	1
	2
	AWGN
	625 Hz
	-11.7

	
	
	AWGN
	1340 Hz
	-13.5

	
	
	TDLC300-100 Low
	0 Hz
	[-5.8]

	
	4
	AWGN
	625 Hz
	-14.2

	
	
	AWGN
	1340 Hz
	-15.9

	
	
	TDLC300-100 Low
	0 Hz
	[-11.3]

	
	8
	AWGN
	625 Hz
	-16.2

	
	
	AWGN
	1340 Hz
	-18.1

	
	
	TDLC300-100 Low
	0 Hz
	[-15.8]



Table 8.4.1.6-2: PRACH missed detection requirements for high speed train, burst format 0, restricted set type B, 1.25 kHz SCS
	Number of TX 
	Number of RX 
	Propagation conditions 
	Frequency offset
	SNR (dB)

	antennas
	antennas
	and correlation matrix (annex G)
	
	Burst format 0

	1
	2
	AWGN
	625 Hz
	-11.3

	
	
	AWGN
	2334 Hz
	-12.8

	
	
	TDLC300-100 Low
	0 Hz
	[-5.5]

	
	4
	AWGN
	625 Hz
	-13.7

	
	
	AWGN
	2334 Hz
	-15.1

	
	
	TDLC300-100 Low
	0 Hz
	[-11.2]

	
	8
	AWGN
	625 Hz
	-16.0

	
	
	AWGN
	2334 Hz
	-17.1

	
	
	TDLC300-100 Low 
	0 Hz
	[-15.6]



Table 8.4.1.6-3: PRACH missed detection requirements for high speed train, 15 kHz SCS
	Number of 
	Number of 
	Propagation 
	Frequency 
	SNR (dB)

	TX antennas
	RX antennas
	conditions and correlation matrix (Annex G)
	offset
	Burst format A2
	Burst format B4
	Burst format C2

	1
	2
	AWGN
	1740 Hz
	-11.0
	-14.0
	-10.8

	
	4
	AWGN
	1740 Hz
	-13.2
	-16.4
	-13.1

	
	8
	AWGN
	1740 Hz
	-15.3
	-17.9
	-15.2



Table 8.4.1.6-4: PRACH missed detection requirements for high speed train, 30 kHz SCS
	Number of 
	Number of 
	Propagation 
	Frequency 
	SNR (dB)

	TX antennas
	RX antennas
	conditions and correlation matrix (Annex G)
	offset
	Burst format A2
	Burst format B4
	Burst format C2

	1
	2
	AWGN
	3334 Hz
	-10.9
	-14.3
	-10.7

	
	4
	AWGN
	3334 Hz
	-13.1
	-16.4
	-13.1

	
	8
	AWGN
	3334 Hz
	-15.1
	-18.1
	-15.1



<<END OF FIRST CHANGE>>
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