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START OF CHANGE 1
A.1 DL reference measurement channels

A.1.1 Reference measurement channels for NPDSCH performance requirements

A.1.1.1 Standalone

Table A.1.1.1-1: NPDSCH Reference Channel with 1Tx Antenna for UE Category NB1 and NB2 for FDD

	Parameter
	Unit
	Value
	Value

	[bookmark: A.3.12.2_Standalone/Guard-band]Reference channel
	
	R.NB.1 FDD
	R.NB.2 FDD

	[bookmark: A.3.12.2.1_Single-antenna_transmission]Carrier Type
	
	Anchor
	Non-anchor

	Channel bandwidth
	KHz
	200
	200

	Allocated subframes per Radio Frame
	
	Note 1
	Note 1

	Modulation
	
	QPSK
	QPSK

	ITBS/ISF
	
	9/3
	6/3

	Target Coding Rate
	
	1/2
	1/3

	Coding Rate
	
	0.5
	0.33

	Information Bit Payload
	
	
	

	For Sub-Frames 1,2,3,6,7,8
	Bits
	616
	392

	For Sub-Frame 0,5
	Bits
	N/A
	392

	For Sub-Frame 4,9
	Bits
	Note 2
	392

	Number of Code Blocks
	
	
	

	For Sub-Frames 1,2,3,6,7,8
	
	1
	1

	For Sub-Frame 0,5
	Bits
	N/A
	1

	For Sub-Frame 4,9
	Bits
	Note 3
	1

	Binary Channel Bits
	
	
	

	For Sub-Frames 1,2,3,6,7,8
	Bits
	320
	320

	For Sub-Frame 0,5
	Bits
	N/A
	320

	For Sub-Frame 4,9
	Bits
	Note 4
	320

	Max. Average Throughput
	Bps
	Note 5
	Note 5

	UE Category
	
	NB1,NB2
	NB1,NB2

	Note 1:	It shall depend on the specific NPDSCH scheduling. Note 2:	N/A when nf mod 2 = 0, otherwise 616.
Note 3:	N/A when nf mod 2 = 0, otherwise 1.
Note 4:	N/A when nf mod 2 = 0, otherwise 320.
Note 5:	Maximum Average Throughput equals to sum of TB(i) divided by sum of T(i), where TB(i) is the TB size of NPDSCH over ith NPDSCH scheduling period, and T(i) is the total time consisting of NPDCCH transmission duration, NPDCCH to NPDSCH scheduling
delay, NPDSCH transmission duration, NPDSCH to NPUSCH format 2 scheduling delay, NPUSCH format 2 transmission duration, possible delay between NPUSCH format 2 and NPDCCH for next NPDSCH scheduling and subframes used for NPSS/NSSS/NPBCH/NB-
SIB1/NB-SIB2 transmission during the ith NPDSCH scheduling period.





[bookmark: A.3.13_Reference_measurement_channels_fo]Table A.1.1.1-2: NPDCCH Reference Channel for Category NB1 and NB2 UE
	Parameter
	Unit
	Value

	Reference channel
	
	R.NB.3 FDD

	Number of NRS ports
	
	1

	[bookmark: A.3.13.1_Half-duplex_FDD]Channel bandwidth
	MHz
	0.2

	Aggregation level
	NCCE
	2

	DCI Format
	
	N1

	Payload (without CRC)
	Bits
	23




A.1.2 Reference measurement channels for PDSCH performance requirements

A.1.2.1 Single-antenna transmission (Common Reference Symbols)


Table A.1.2.1-1: Fixed Reference Channel Single Antenna Port
	Parameter
	Unit
	Value

	Reference channel
	
	R.1 FDD
	R.2 FDD
	R.3 FDD

	Channel bandwidth
	MHz
	1.4
	1.4
	1.4

	Allocated resource blocks
	
	Note3
	6
	6

	Allocated DL subframes per Radio Frame
	
	Note 4
	Note 5
	Note 6

	Modulation
	
	16QAM
	QPSK
	QPSK

	Target Coding Rate
	
	1/2
	1/3
	1/10

	Information Bit Payload
	
	
	
	

	For Sub-Frames 0,1,2,3,4,5,6,7,8,9
	Bits
	744
	504
	152

	Number of Code Blocks
	
	
	
	

	
	For Sub-Frames 0,1,2,3,4,5,6,7,8,9
	Code blocks
	1
	1
	1

	
	Binary Channel Bits
	
	
	
	

	
	For Sub-Frames 0,1,2,3,4,5,6,7,8,9
	Bits
	1656 
(Note 7, 8)
	1656 (Note 7, 8)
	1656 
(Note 7, 8)

	
	Max. Throughput averaged over one period
	Kbps
	149
	15.75
	0.950

	
	UE DL Category
	
	M1
	M1
	M1

	
	Note 1: 2 symbols are allocated to PDCCH. 
Note 2: Reference signal, synchronization signals and PBCH are allocated as per TS 36.211 [3].
Note 3:   Allocated PRB positions for PDSCH are {3, 4, 5}. 
Note 4:   The downlink subframes are scheduled at the 8th and 9th subframes every 10ms (starting from 0th   
               subframe). Information bit payload is available from the 10th to 17th subframes with repetition The 
               corresponding MPDCCH is scheduled 2 subframes before the corresponding PDSCH transmissions.
Note 5:   PDSCH subframes are scheduled at the 10th to 17th subframes every period (32ms). Information  
               bit payload is available from the 10th to 17th subframes with repetition. (Starting from the 0th     
               subframe). The corresponding MPDCCH is scheduled from 1st to 8th subframe every 32ms (starting from 0th subframe).
Note 6:   PDSCH subframes are scheduled at the 96th to 159th subframes every period (160ms). Information 
               bit payload is available at the 96th to 159th subframes with repetition. (Starting from the 0th subframe)
               The corresponding MPDCCH is scheduled from 31st to 94th subframe every 160ms (starting from 0th  
               subframe).
Note 7:   MPDCCH, and PDSCH are dropped when overlapped with SIB1-BR, or SIB2 or SIB3
Note 8:   MPDCCH, and PDSCH are punctured in overlapping Resource Elements (RE)s with PSS/SSS/PBCH





A.2 OFDMA Channel Noise Generator (OCNG)

A.2.1 OCNG Patterns for Narrowband IoT

The following OCNG patterns are used for modelling allocations to virtual narrowband IoT UEs (which are not under test). The OCNG pattern for each sub frame specifies the allocations that shall be filled with OCNG, and furthermore, the relative power level of each such allocation.
In each test case the OCNG is expressed by parameters OCNG_RA and OCNG_RB which together with a relative power level () specifies the NPDSCH EPRE-to-NRS EPRE ratios in OFDM symbols with and without Narrowband reference symbols, respectively. The relative power, which is used for modelling boosting per virtual UE allocation, is expressed by:
 i  NPDSCHi _ RA / OCNG _ RA  NPDSCHi _ RB / OCNG _ RB,
where  i denotes the relative power level of the i:th virtual UE. The parameter settings of OCNG_RA,    OCNG_RB  and the set of relative power levels are chosen such that when also taking allocations to the UE under test into account, as given by a NPDSCH or NPDCCH reference channel, a transmitted power spectral density that is constant on an OFDM symbol basis is targeted.

[bookmark: A.5.3.1_Narrowband_IoT_OCNG_pattern_1]A.2.1.1 Narrowband IoT OCNG pattern 1

Table A.2.1.1-1: NB.OP.1 FDD: OCNG FDD Pattern 1

	
Bandwidth
	Relative power level  [dB]
	NPDCCH and corresponding NPDSCH
Data

	
	Subframe
	

	
	Unused subframes
	

	200KHz
	0
	Note 2

	Note 1:	These subframes are assigned to an arbitrary number of virtual UEs with one NPDSCH per virtual UE with corresponding NPDCCH; the data transmitted over the OCNG NPDSCHs shall be uncorrelated pseudo random data, which is QPSK modulated. The
parameter  is used to scale the power of NPDSCH and NPDCCH.
Note 2:	Subframes and/or REs available for narrowband IOT DL transmission depend on the in-band, guard band or standalone mode indicated in MIB, and scheduling delay
between NPDCCH, NPDSCH, NPUSCH format 2 and NPDCCH specified in test cases.




A.2.2 OCNG Patterns for FDD

The following OCNG patterns are used for modelling allocations to virtual UEs (which are not under test) and/or allocations used for MBSFN. The OCNG pattern for each sub frame specifies the allocations that shall be filled with OCNG, and furthermore, the relative power level of each such allocation.
In each test case the OCNG is expressed by parameters OCNG_RA and OCNG_RB which together with a relative power level () specifies the PDSCH EPRE-to-RS EPRE ratios in OFDM symbols with and without reference
symbols, respectively. The relative power, which is used for modelling boosting per virtual UE allocation, is expressed by:
 i  NPDSCHi _ RA / OCNG _ RA  NPDSCHi _ RB / OCNG _ RB,
where  i denotes the relative power level of the i:th virtual UE. The parameter settings of OCNG_RA,    OCNG_RB  and the set of relative power levels are chosen such that when also taking allocations to the UE under test into account, as given by a NPDSCH or NPDCCH reference channel, a transmitted power spectral density that is constant on an OFDM symbol basis is targeted.
Moreover, the OCNG pattern is accompanied by a PCFICH/PDCCH/PHICH reference channel which specifies the control region. For any aggregation and PHICH allocation, the PDCCH and any unused PHICH groups are padded with resource element groups with a power level given respectively by PDCCH_RA/RB and PHICH_RA/RB as specified in the test case such that a total power spectral density in the control region that is constant on an OFDM symbol basis is targeted.

A.2.2.1 OCNG FDD Pattern 1: Two sided dynamic OCNG FDD pattern

This OCNG Pattern fills with OCNG all empty PRB-s (PRB-s with no allocation of data or system information) of the DL sub-frames, when the unallocated area is discontinuous in frequency domain (divided in two parts by the allocated area – two sided), starts with PRB 0 and ends with PRB NRB 1.
Table A.2.2.1-1: OP.1 FDD: Two sided dynamic OCNG FDD Pattern

	Relative power level  PRB [dB]
	


PDSCH Data

	Subframe
	

	0
	5
	1 – 4, 6 – 9
	

	Allocation
	

	0 – (First allocated PRB-1) and
(Last allocated PRB+1) – (
NRB 1)
	0 – (First allocated PRB-1) and
(Last allocated PRB+1) – (
NRB 1)
	0 – (First allocated PRB-1) and
(Last allocated PRB+1) – (
NRB 1)
	

	0
	0
	0
	Note 1

	Note 1:	These physical resource blocks are assigned to an arbitrary number of virtual UEs with one PDSCH per virtual UE; the data transmitted over the OCNG PDSCHs shall be uncorrelated pseudo random data, which is QPSK modulated. The parameter  PRB is used to scale the power of PDSCH.
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