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Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

1
Scope

The present document summarizes the studies of radio requirements for BS and UE radio transmission and reception as part of the work item on Narrowband Internet of Things (NB-IoT).

2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

-
References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

-
For a specific reference, subsequent revisions do not apply.

-
For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".

[2]
3GPP TR 30.007: “Guideline on WI/SI for new Operating Bands”
[3]
RP-152284: “Revised Work Item: Narrowband IoT (NB-IoT)”
3
Definitions, symbols and abbreviations

Delete from the above heading those words which are not applicable.

Clause numbering depends on applicability and should be renumbered accordingly.

3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].

Definition format (Normal)

<defined term>: <definition>.

example: text used to clarify abstract rules by applying them literally.

3.2
Symbols

For the purposes of the present document, the following symbols apply:

Symbol format (EW)

<symbol>
<Explanation>

3.3
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].

Abbreviation format (EW)

<ACRONYM>
<Explanation>

4
Background
4.1
Work item objective
The objective is to specify a radio access for cellular internet of things, based to a great extent on a non-backward-compatible variant of E-UTRA, that addresses improved indoor coverage, support for massive number of low throughput devices, low delay sensitivity, ultra low device cost, low device power consumption and (optimised) network architecture. 
NB-IOT should support 3 different modes of operation: 

1.
‘Stand-alone operation’ utilizing for example the spectrum currently being used by GERAN systems as a replacement of one or more GSM carriers, as well as scattered spectrum for potential IoT deployment.

2.
‘Guard band operation’ utilizing the unused resource blocks within a LTE carrier’s guard-band 

3.
‘In-band operation’ utilizing resource blocks within a normal LTE carrier
In particular, the following will be supported:

· 180 kHz UE RF bandwidth for both downlink and uplink

· OFDMA on the downlink
· 15 kHz sub-carrier spacing for all the modes of operation (with normal or extended CP). 

· For the uplink: 

· Single tone transmissions are supported. Two numerologies should be configurable by the network for single-tone transmission: 3.75 kHz and 15 kHz. A cyclic prefix is inserted. Frequency domain sinc pulse-shaping in the physical layer description.

· Multi-tone transmissions are supported, based on SC-FDMA with 15 kHz UL subcarrier spacing.

· FFS: Additional mechanisms for PAPR reduction.

· The UE shall indicate the support single-tone and/or multi-tone, details to be discussed by RAN WGs

· An NB-IoT UE only needs to support half duplex operations
· A single synchronization signal design for the different modes of operation, including techniques to handle overlap with legacy LTE signals
· MAC, RLC, PDCP and RRC procedures based on existing LTE procedures and protocols and relevant optimisations to support the selected physical layer

· Any enhancements to S1 interface to CN and related radio protocols to support the work SA2 is conducting on the systems aspects such as signalling reduction for small data transmissions.
The detailed objectives are:

· RAN1 to specify the physical layer aspects, covering:

· Physical channel and mapping of transport channels

· Channel coding and physical channel mapping

· Physical layer procedures

· Physical layer measurements

· UE physical layer capabilities

· RAN2 to specify the following radio protocol aspects:

· The radio interface protocol architecture

· MAC, RLC, PDCP, and RRC protocols

· UE capabilities

· RAN3 to specify changes to existing S1 interface 

· RAN4 to specify core requirements (when needed) to allow for  “standalone”  “in guard band operation” and “in-band operation” in specific bands (depending on operator input) as follows: 

· UE radio transmission and reception 

· Base Station radio transmission and reception 

· UE and Base Station Requirements for support of Radio Resource ManagementFor the stand-alone operation, specify RF requirements to meet (a) GSM mask relevant for NB-IoT or (b) MSR spectral mask depending on the BS operational configuration. 
· For the guard band operation, specify RF requirements for adjacent / non-adjacent co-existence with LTE in the guard band.

· For the in-band operation, specify RF requirements for adjacent channel coexistence with another LTE carrier and specify RF requirements for in-band co-existence with LTE.
· The following bands shall be considered with high priority for defining any RAN4 band specific requirement within Release 13:

· Bands 1, 3, 5, 8, 12, 13, 17, 19, 20, 26, 28

· Note if there are other bands not having significant specific issues and there is consensus in RAN4, these could be considered as well

· Whether one or multiple bands are supported in a device is a UE implementation issue

The overall system description will be documented in a stage 2 functional specification. 

The interface to the core network will be an optimised interface discussed in SA2 as part of FS_AE_CIOT.
Conformance testing will be described in a subsequent work item.
NOTE:
The present document only cover part study of the work item on NB-IoT which is related to RAN4 work.
5
Frequency bands and channel arrangement

5.1
General
5.2
Operating bands
Existing E-UTRA bands are used for NB-IOT. NB-IOT operating bands sub-clause lists bands that RAN has agreed to be used for NB-IoT and refers to E-UTRA band definition clause 5.5 where the bands are defined in detail.

Note that this does not mean precluding defining bands specific to NB-IoT in future.
NB-IOT is designed to operate in the operating bands defined in Table 5.2-1.

Table 5.2-1 NB-IOT frequency bands

	 NB-IOT Operating Band
	Uplink (UL) operating band
BS receive
UE transmit
	Downlink (DL) operating band
BS transmit 
UE receive
	Duplex Mode

	
	FUL_low   –  FUL_high
	FDL_low   –  FDL_high
	

	1
	1920 MHz 
	–
	1980 MHz 
	2110 MHz  
	–
	2170 MHz
	HD-FDD

	3
	1710 MHz 
	–
	1785 MHz
	1805 MHz 
	–
	1880 MHz
	HD-FDD

	5
	824 MHz
	–
	849 MHz
	869 MHz 
	–
	894MHz
	HD-FDD

	8
	880 MHz
	–
	915 MHz
	925 MHz  
	–
	960 MHz
	HD-FDD

	12
	699 MHz
	–
	716 MHz
	729 MHz
	–
	746 MHz
	HD-FDD

	13
	777 MHz
	–
	787 MHz
	746 MHz
	–
	756 MHz
	HD-FDD

	17
	704 MHz 
	–
	716 MHz
	734 MHz
	–
	746 MHz
	HD-FDD

	19
	830 MHz 
	–
	845 MHz
	875 MHz
	–
	890 MHz
	HD-FDD

	20
	832 MHz
	–
	862 MHz
	791 MHz
	–
	821 MHz
	HD-FDD

	26
	814 MHz
	–
	849 MHz
	859 MHz
	–
	894 MHz
	HD-FDD

	28
	703 MHz
	–
	748 MHz
	758 MHz
	–
	803 MHz
	HD-FDD


5.3
Channel bandwidth
Requirements in present document are specified for the channel bandwidths listed in Table 5.3.1:
Table 5.3.1: Transmission bandwidth configuration Ntone in NB-IoT channel bandwidth

	NB-IoT
	Standalone
	In band 


	Guard Band

	UE Channel bandwidth BWChannel [kHz]
	200
	200
	200 

	BS Channel bandwidth BWChannel [kHz]
	200
	LTE channel BW
	LTE channel BW, 

FFS for 1.4 and 3 MHz

	Transmission bandwidth configuration NRB
	1
	1
	1

	Transmission bandwidth configuration Ntone 15kHz
	12
	12
	12

	Transmission bandwidth configuration Ntone 3.75kHz 
	48
	48
	48


Figure 5.3-1 shows the relation between the NB-IoT channel bandwidth (BWChannel) and the NB-IoT transmission bandwidth configuration (Ntone). The channel edges are defined as the lowest and highest frequencies of the carrier separated by the channel bandwidth, i.e. at FC +/- BWChannel /2.
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Figure 5.3-1 Definition of Channel Bandwidth and Transmission Bandwidth Configuration for one NB-IoT carrier
Figure 5.3-2 illustrates LTE and NB-IoT Transmission Channel Bandwidth for NB-IoT in band operation. 
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Figure 5.3-2 Definition of Channel Bandwidth for LTE and NB-IoT Channel Bandwidth for NB-IoT in band operation
Figure 5.3-3 illustrates LTE and NB-IoT Transmission Channel Bandwidth for NB-IoT guard band operation. 
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Figure 5.3-3 Definition of Channel Bandwidth for LTE and NB-IoT Channel Bandwidth for NB-IoT in guard band operation
5.4
Channel arrangement
5.4.1
Channel spacing
Channel spacing for standalone NB-IOT is 200 kHz. For in-band and guard band cases are FFS. 
5.4.2
 Channel raster
Channel raster for in, guard and standalone NB-IOT is 100 kHz.
5.4.3
Carrier frequency and EARFCN for NB-IoT
The carrier frequency of NB-IoT in the downlink is designated by the E-UTRA Absolute Radio Frequency Channel Number (EARFCN) in the range 0 – 262143 and the Offset of NB-IoT Channel Number to EARFCN in the range {-10,-9,-8,-7,-6,-5,-4,-3,-2,-1,-0.5,0,1,2,3,4,5,6,7,8,9}. The relation between EARFCN, Offset of NB-IoT Channel Number to EARFCN and the carrier frequency in MHz for the downlink is given by the following equation, where FDL is the downlink carrier frequency of NB-IoT, FDL_low and NOffs-DL are given in table 5.7.3-1, NDL is the downlink EARFCN, MDL is the Offset of NB-IoT Channel Number to downlink EARFCN.
FDL = FDL_low + 0.1(NDL – NOffs-DL) + 0.0025*(2MDL+1)

The carrier frequency of NB-IoT in the uplink is designated by the E-UTRA Absolute Radio Frequency Channel Number (EARFCN) in the range 0 –262143 and the Offset of NB-IoT Channel Number to EARFCN in the range {-10,-9,-8,-7,-6,-5,-4,-3,-2,-1,0,1,2,3,4,5,6,7,8,9}. The relation between EARFCN, Offset of NB-IoT Channel Number to EARFCN and the carrier frequency in MHz for the uplink is given by the following equation, where FUL is the uplink carrier frequency of NB-IoT, FUL_low and NOffs-UL are given in table 5.7.3-1, NUL is the uplink EARFCN, MUL is the Offset of NB-IoT Channel Number to uplink EARFCN.
FUL = FUL_low + 0.1(NUL – NOffs-UL) + 0.0025*(2MUL)

NOTE 1: For NB-IoT, NDL or NUL is different than the value of EARFCN that corresponds to E-UTRA downlink or uplink carrier frequency for in-band and guard band operation.

NOTE 2: For stand-alone operation, only MDL = -0.5 and MUL= 0 are applicable. MDL = -0.5 is not applicable for in-band and guard band operation.

5.4.4
TX–RX frequency separation for NB-IoT
For NB-IoT in in-band or guard-band operation, TX-RX frequency separation is flexible within the limits of the TX-RX frequency separation of the E-UTRA carriers as specified in table 5.7.4-1 of 36.101. For stand-alone operation mode the TX-RX frequency separation is the same as table 5.7.4-1 of 36.101.

6
System scenarios
6.1
Coexistence simulation cases
Simulation cases for evaluating coexistence study for NB-IoT are described in this section. Scenarios for coexistence evaluations include the following operation modes,

· Stand-alone operation

· Guard band operation

· In-band operation

For the stand-alone operation mode, coexistence between NB-IoT and legacy LTE/UMTS/GSM systems need studied both for the downlink and the uplink. 

For the guard band and in-band operation modes, coexistence between NB-IoT and legacy LTE system need studied only for the uplink, considering the downlink sub-carrier of NB-IoT is orthogonal with LTE PRB and both are transmitting from the same BS.

The simulation cases for the above scenarios are given in Table 6.1-1

Table 6.1-1 Simulation cases of coexistence study for NB-IoT

	Cases
	Operation mode
	Aggressor
	Victim
	Direction

	1
	Stand-alone
	NB-IoT
	LTE
	Downlink

	2
	Stand-alone
	LTE
	NB-IoT
	Downlink

	3
	Stand-alone
	NB-IoT
	UMTS
	Downlink

	4
	Stand-alone
	UMTS
	NB-IoT
	Downlink

	5
	Stand-alone
	NB-IoT
	GSM
	Downlink

	6
	Stand-alone
	GSM
	NB-IoT
	Downlink

	7
	Stand-alone
	NB-IoT
	LTE
	Uplink

	8
	Stand-alone
	LTE
	NB-IoT
	Uplink

	9
	Stand-alone
	NB-IoT
	UMTS
	Uplink

	10
	Stand-alone
	UMTS
	NB-IoT
	Uplink

	11
	Stand-alone
	NB-IoT
	GSM
	Uplink

	12
	Stand-alone
	GSM
	NB-IoT
	Uplink

	13
	Guard band
	NB-IoT
	LTE
	Uplink

	14
	Guard band
	LTE
	NB-IoT
	Uplink

	15
	In-band
	NB-IoT
	LTE
	Uplink

	16
	In-band
	LTE
	NB-IoT
	Uplink


6.2
Coexistence simulation assumptions
The simulation assumptions for all of the three operation modes are given in Table 6.2-1

Table 6.2-1 Simulation assumptions of coexistence study for NB-IoT

	
	NB-IoT

standalone
	NB-IoT

in-band/guard-band
	LTE
	UMTS
	GSM

	Carrier frequency in GHz
	0.9 and 2
	0.9 and 2
	0.9 and 2
	0.9 or 2
	0.9

	Size of each nominal channel BW in MHz
	0.2
	0.18
	10
	5
	0.2

	Transmission bandwidth in MHz
	0.18
	0.18
	9
	3.84
	0.2

	Environment
	Urban macro
	Urban macro
	Urban macro
	Urban macro
	Urban macro

	Network layout
	19-sites [57 sectors] with wrap-around
	19-sites [57 sectors] with wrap-around
	19-sites [57 sectors] with wrap-around
	19-sites [57 sectors] with wrap-around
	19-sites [57 sectors] with wrap-around

	Inter-site distance in meter
	Same for aggressor and victim
	Same for aggressor and victim
	750 for 0.9GHz band

500 for 2GHz band
	750 for 0.9GHz band

500 for 2GHz band
	1732

	System loading and activity
	Full buffer 100%
	Full buffer 100%
	Full buffer 100%
	Full buffer 100% 8kbps speech
	Full buffer 100%

	Network location
	Non co-located (at cell edge of legacy)
	Co-located with LTE
	(see IoT)
	Non co-located with IoT
	Non co-located with IoT

	DL subcarrier spacing
	15kHz
	15kHz
	15kHz
	
	

	UL
	See RP-152284
	See RP-152284
	SC-FDMA
	
	

	DL power control
	No
	No
	No
	TR25.942
	No

	UL power control
	36.942 section 5.1.1.6 (set 1) by bandwidth scale, target SNR at BS is 15 dB
	36.942 section 5.1.1.6 (set 1) by bandwidth scale, target SNR at BS is 15 dB
	36.942 section 5.1.1.6 (set=1)
	TR25.942
	CS based on 25.816

	Frequency reuse
	1
	1
	1
	1
	4/12

	Number of scheduled UE per cell (DL)
	1
	1
	1
	According to 95% users achieving target of (Eb/No-0.5)dB; non orthogonality 0.4; target Eb/No=7.9dB
	

	Number of scheduled UE per cell (UL)
	3 for multi-tone (60kHz per UE), 12 for 15kHz single-tone, 48 for 3.75kHz single-tone
	3 for multi-tone (60kHz per UE), 12 for 15kHz single-tone, 48 for 3.75kHz single-tone
	3
	according to 6dB noise rise; target Eb/No=6.1dB
	

	BS antenna height in meter
	30
	30
	30
	30
	30

	BS max TX power in dBm
	43dBm/200kHz
	46 dbm
	46
	43
	43

	BS antenna gain including feeder loss in dBi
	15
	15
	15
	15
	15

	BS antenna pattern
	Horizontal (36.942)
	Horizontal (36.942)
	Horizontal (36.942) 
	Horizontal (36.942)
	Horizontal (36.942)

	BS antenna front-back ratio in dB
	20
	20
	20
	20
	20

	UE antenna height in meter
	1.5
	1.5
	1.5
	1.5
	1.5

	UE TX power in dBm
	-40 to 23
	-40 to 23
	-40 to 23
	-50 to 24
	5 to 33

	UE antenna gain in dBi
	0
	0
	0
	0
	0

	Building penetration loss
	45.820 Annex D.1 
	45.820 Annex D.1 
	n/a
	n/a
	n/a

	Cell selection margin in dB
	3
	3
	3
	3
	3

	BS-MS min couple loss in dB
	70
	70
	70
	70
	70

	BS ACLR in dB
	40 to 60
	n/a
	45
	TR45.820
	TS45.005 (includes wideband noise emissions and IM products)

	BS ACS in dB
	40 to 50
	n/a
	45
	TR45.820
	TS45.005 (guard-band of 100kHz or more between IoT and GSM)

	UE ACLR in dB
	20 to 50
	n/a
	30 (ACLR1) 43 (ACLR2)
	TR45.820
	TS45.005

	UE ACS in dB
	20 to 40
	n/a
	33
	TR45.820
	TS45.005 (guard-band of 100kHz or more between IoT and GSM)

	BS noise figure in dB
	5
	5
	5
	5
	5

	UE noise figure in dB
	9
	9
	9
	9
	9

	BS-UE path-loss model
	TR36.942 macro urban
	TR36.942 macro urban
	TR36.942 macro urban
	TR36.942 macro urban
	TR36.942 macro urban

	Standard deviation of BS-UE log-normal shadow fading in dB
	10
	10
	10
	10
	8

	Shadowing correlation
	Inter-cell 0.5 intra-cell 1
	Inter-cell 0.5 intra-cell 1
	Inter-cell 0.5 intra-cell 1
	Inter-cell 0.5 intra-cell 1
	Inter-cell 0.5 intra-cell 1

	Link-level performance model
	
	
	As in Annex A.1 in 36.942
	
	

	Evaluation metrics
	SINR vs ACS (as victim)
	SINR
	SINR and throughput loss vs standalone NB-IoT ACLR (as victim); SINR and throughput loss vs in-band/guard-band IoT
	Capacity vs NB-IoT ACLR (as victim). For DL, capacity is the number of satisfied users. For UL, capacity is the number of users when 6dB noise rise is reached
	SINR and outage vs NB-IoT ACLR (as victim)

	Carrier separation
	0.3MHz to GSM

2.6MHz to UMTS

5.1MHz to LTE
	
	See NB-IoT(standalone case)
	See NB-IoT(standalone case)
	See NB-IoT(standalone case)

	Location of NB-IoT carrier
	-
	For in band operation, number 21

For guard band, adjacent to number 49
	-
	-
	-


6.3
Coexistence simulation methodology
For the stand-alone operation mode, snap-shot based Monte-Carlo system level simulation is used. Legacy ACIR model which calculated by ACLR and ACS is valid for this scenario. The simulation methodology consists of four steps as follows,

· First step for UL and DL

· Assume LTE ACLR is flat on the adjacent 10MHz channel

· Assume LTE ACS is flat on the adjacent 10MHz channel

· Assume NB-IoT ACLR is flat on the adjacent 10MHz

· Assume NB-IoT ACS is flat on the adjacent 10MHz

· Get simulation results

· Second step for DL and [UL]

· Compute NB-IoT ACLR according to GSM mask

· Apply the GSM ACS to NB-IoT 

· Get results from the first step, based on the calculated NB-IoT ACLR and ACS

· If the result is too pessimistic, go to step 3.

· If the result of NB-IoT performance is too optimistic, go to step 4.

· Third step

· Need email discussion to find out more appropriate way to handle ACLR and ACS, and re-do simulations

· Fourth step

· Need email discussion to find out more appropriate way to handle LTE ACLR, and re-do simulations
Additional information on ACLR and ACS is shown as follows,

· Definition and assumption

· LTE ACLR and ACS are defined for its own bandwidth size

· NB-IoT ACLR and ACS are defined for its own bandwidth size

· Attenuations are flat in the adjacent 10 MHz

· ACLR and ACS are the inputs to the simulations

· ACLR_e is the effective ACLR in the interference calculation

· ACS_e is the effective ACS in the interference calculation

· Interference from LTE to NB-IoT 

· ACLR_e = ACLR – 10*log10((180kHz/(# of IoT users))/9MHz)

· ACS_e = ACS [pessimistic assumption]

· Interference from NB-IoT to LTE

· ACLR_e = ACLR – 10*log10((9MHz/(# of LTE users))/180kHz) [pessimistic assumption]

· ACS_e = ACS
· The effective ACLR (ACLR_e) and effective ACS (ACS_e) shall be applied in the coexistence simulation for the calculation of victim system interference
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Figure 6.3-1 Illustration of flat assumption of ACLR and ACS
For the guard band and in-band operation modes, the simulation methodology consists of three steps as follows,
· First step

· Computing the amount of power leakage:

· From NB-IoT to the N-th adjacent LTE PRBs. 

· From LTE to NB-IoT.
This step does not involve Monte-Carlo simulation. 

· Second step

· Use system level Monte-Carlo simulation to compute:

· the SINR distribution at n-th adjacent LTE PRB

· SINR distribution for NB-IoT users 

· Third step

· Determining the degradation:

· LTE throughput degradation due to NB-IoT
· NB-IoT degradation
For the first step, the power leakage between NB-IoT and LTE can be computed following the approach as follows:
· For DL simulation

· There is no need to perform this study

· For UL simulation

· For 3.75KHz for single tone filtering needs to be considered

· For 15 KHz for both single and multi-tones transmission, companies are encouraged to study the impact of the introduction on co-existence. 

· The power leakage needs to be specified

· For LTE as victim, a function of n-th adjacent PRB 

· For NB-IoT as victim, the granularity is per subcarrier spacing  

· Filter assumptions:
· Refer to RAN1 agreement. In case, RAN1 does not have it, filter characteristic needs to be agreed by email discussion
For the second step, LTE PRB SINR and NB-IoT SINR distribution are obtained through Monte-Carlo system level simulation methodology and power leakage computed in Step1.

For the third step, 

· The computation of LTE throughput degradation, i.e. how to map PRB level SINR, to user level SINR is FFS

The computation of NB-IoT degradation (e.g. Outage) is FFS.
6.4
Coexistence simulation results
6.4.1 Case1 –Standalone downlink, NB-IoT aggressor, LTE victim
Table 6.4-1 Simulation results for case 1

	Sourcing
	Case 1
NB-IoT -> LTE
	LTE 0.9 GHz
	LTE 2 GHz

	
	BS ACLR 
	40
	45
	50
	55
	60
	40
	45
	50
	55
	60

	Ericsson
	Throughput loss
5%
	26.26
	6
	2.78
	1.52
	　
	25
	6
	3.56
	1.82
	　

	
	Throughput loss
 Average
	8.15
	4.17
	2.78
	1.39
	　
	8.32
	4.16
	2.77
	1.39
	　

	Intel
	Throughput loss
5%
	28.4
	11.9
	6.7
	4.4
	3.5
	25.4
	12.3
	6.4
	3.8
	3

	
	Throughput loss
 Average
	4.7
	2.4
	1.5
	1.1
	0.9
	4.4
	2.3
	1.5
	0.9
	0.8

	ZTE
	Throughput loss
5%
	19.4
	7.75
	3.95
	2.47
	2.05
	21.34
	8.82
	3.6
	2.24
	1.82

	
	Throughput loss
 Average
	4.42
	2.2
	1.24
	0.88
	0.76
	4.58
	2.27
	1.26
	0.88
	0.76

	Huawei
	Throughput loss
5%
	5.4
	2.2
	1.4
	1.1
	1
	6.2
	2.3
	1.5
	1.2
	1

	
	Throughput loss
 Average
	1.7
	0.74
	0.38
	0.26
	0.22
	1.8
	0.77
	0.4
	0.27
	0.23

	Qualcomm
	Throughput loss
5%
	18.51
	9.31
	5.36
	3.79
	3.31
	18.8
	9.32
	5.28
	3.67
	3.16

	
	Throughput loss
 Average
	5.32
	2.83
	1.67
	1.06
	1.06
	5.41
	2.89
	1.71
	1.24
	1.08


6.4.2 Case2 –Standalone downlink, LTE aggressor, NB-IoT victim

Table 6.4-2 Simulation results for case 2

	Sourcing
	Case 2
LTE -> NB-IoT
	LTE 0.9 GHz
	LTE 2 GHz

	
	UE ACS
	20
	25
	30
	35
	40
	20
	25
	30
	35
	40

	Ericsson
	SNR loss
5%
	6.3
	2.8
	1.4
	0.7
	0.3
	4.7
	2.3
	1.2
	0.6
	0.3

	
	SNR loss
50%
	1.4
	0.8
	0.6
	0.3
	0.2
	1.1
	0.6
	0,3
	0.2
	0

	
	SNR loss
95%
	0.3
	0.2
	0.1
	0
	0
	0.2
	0.2
	0.1
	0.1
	0

	
	SNR loss
99%
	0.1
	0.1
	0
	0
	0
	0.1
	0
	0
	0
	0

	Intel
	SNR loss
5%
	5.9
	2.4
	1.2
	0.5
	0.2
	4.9
	2.2
	0.9
	0.4
	0.2

	
	SNR loss
50%
	1.6
	0.9
	0.5
	0.3
	0.1
	1.5
	0.9
	0.4
	0.2
	0.1

	
	SNR loss
95%
	1
	0.5
	0.3
	0.1
	0.06
	1
	0.6
	0.3
	0.1
	0.05

	
	SNR loss
99%
	0.6
	0.3
	0.1
	0.1
	0.02
	0.6
	0.3
	0.1
	0.1
	0.03

	ZTE
	SNR loss
5%
	6.63 
	2.77 
	1.22 
	0.53 
	0.20 
	7.54 
	3.54 
	1.44 
	0.70 
	0.36 

	
	SNR loss
50%
	1.70 
	1.08 
	0.61 
	0.26 
	0.10 
	1.72 
	1.06 
	0.57 
	0.32 
	0.18 

	
	SNR loss
95%
	1.51 
	1.07 
	0.69 
	0.38 
	0.16 
	1.56 
	0.85 
	0.47 
	0.25 
	0.08 

	
	SNR loss
99%
	1.58 
	0.91 
	0.50 
	0.14 
	0.04 
	1.71 
	1.04 
	0.78 
	0.70 
	0.25 

	Huawei
	SNR loss
5%
	3.6
	2.1
	1.2
	0.5
	0.3
	3.7
	2.2
	1.2
	0.6
	0.3

	
	SNR loss
50%
	1
	0.5
	0.3
	0.15
	0.08
	1
	0.5
	0.3
	0.16
	0.08

	
	SNR loss
95%
	0.39
	0.2
	0.11
	0.06
	0.02
	0.4
	0.2
	0.12
	0.06
	0.02

	
	SNR loss
99%
	0.08
	0.036
	0.036
	0.01
	0.01
	0.08
	0.04
	0.04
	0.01
	0.01

	Qualcomm
	SNR loss
5%
	11.38
	6.72
	3.11
	1.51
	0.79
	11.27
	6.63
	3.05
	1.5
	0.79

	
	SNR loss
50%
	2.13
	1.36
	0.85
	0.52
	0.3
	2.12
	1.36
	0.85
	0.51
	0.3

	
	SNR loss
95%
	0.54
	0.35
	0.23
	0.13
	0.07
	0.57
	0.35
	0.21
	0.13
	0.069

	
	SNR loss
99%
	0.18
	0.11
	0.06
	0.03
	0.018
	0.16
	0.09
	0.05
	0.027
	0.019


6.4.3 Case3 –Standalone downlink, NB-IoT aggressor, UMTS victim

Table 6.4-3 Simulation results for case 3

	Sourcing
	Case 3
NB-IoT -> UMTS
	UMTS 0.9 GHz
	UMTS 2 GHz

	
	BS ACLR 
	40
	45
	50
	55
	60
	40
	45
	50
	55
	60

	Ericsson
	Capacity loss
	　
	3.27
	1.47
	0.71
	0.19
	　
	　
	　
	　
	　

	Huawei
	Capacity loss
	4.01
	2.27
	1.54
	1.32
	1.28
	　
	　
	　
	　
	　

	Qualcomm
	Capacity loss
	0.51
	0.34
	　
	　
	　
	　
	　
	　
	　
	　


6.4.4 Case4 –Standalone downlink, UMTS aggressor, NB-IoT victim

Table 6.4-4 Simulation results for case 4

	Sourcing
	Case 4
UMTS -> NB-IoT
	UMTS 0.9 GHz
	UMTS 2 GHz

	
	UE ACS
	20
	25
	30
	35
	40
	20
	25
	30
	35
	40

	Ericsson
	SNR loss
5%
	3
	2.4
	1.6
	1.3
	1
	
	
	
	
	

	
	SNR loss
50%
	1.1
	0.8
	0.5
	0.4
	0.3
	
	
	
	
	

	
	SNR loss
95%
	0.7
	0.5
	0.5
	0.5
	0.5
	
	
	
	
	

	
	SNR loss
99%
	0.1
	0.1
	0.1
	0
	0
	
	
	
	
	

	Huawei
	SNR loss
5%
	3.2
	1.8
	0.6
	0.2
	0.1
	
	
	
	
	

	
	SNR loss
50%
	0.8
	0.42
	0.2
	0.1
	0.04
	
	
	
	
	

	
	SNR loss
95%
	0.3
	0.11
	0.06
	0.01
	0.01
	
	
	
	
	

	
	SNR loss
99%
	0.02
	0.01
	0.004
	0.001
	0.001
	
	
	
	
	


6.4.5 Case5 –Standalone downlink, NB-IoT aggressor, GSM victim

Table 6.4-5 Simulation results for case 5

	Sourcing
	Case 5
NB-IoT -> GSM
	GSM 0.9 GHz

	
	BS ACLR 
	40
	45
	50
	55
	60

	Ericsson
	Outage
	2.9
	1.4
	0.8
	0.3
	0.1

	CMCC
	Outage
	4.1
	2
	1.1
	1
	0.7

	Huawei
	Outage
	3.4
	2.3
	1.9
	1.6
	1.5

	Qualcomm
	Outage
	2.54
	2.06
	1.88
	1.73
	1.67


6.4.6 Case6 –Standalone downlink, GSM aggressor, NB-IoT victim

Table 6.4-6 Simulation results for case 6

	Sourcing
	Case 6
GSM -> NB-IoT
	GSM 0.9 GHz

	
	UE ACS
	20
	25
	30
	35
	40

	Ericsson
	SNR loss
5%
	6.3
	3.4
	2
	1.3
	1

	
	SNR loss
50%
	1.3
	0.8
	0.5
	0.4
	0.3

	
	SNR loss
95%
	0.2
	0.2
	0.1
	0.1
	0.1

	
	SNR loss
99%
	0.1
	0.1
	0
	0
	0

	Huawei
	SNR loss
5%
	2.5
	1.2
	0.8
	0.5
	0.2

	
	SNR loss
50%
	0.8
	0.6
	0.3
	0.2
	0.1

	
	SNR loss
95%
	0.1
	0.06
	0.02
	0.01
	0.01

	
	SNR loss
99%
	0.01
	0.01
	0.001
	0.001
	0.001

	Qualcomm
	SNR loss
5%
	2.84
	1.45
	0.8
	0.46
	0.26

	
	SNR loss
50%
	0.78
	0.47
	0.27
	0.15
	0.09

	
	SNR loss
95%
	0.16
	0.09
	0.06
	0.03
	0.02

	
	SNR loss
99%
	0.04
	0.04
	0.01
	0.006
	0.002


6.4.7 Case7 –Standalone uplink, NB-IoT aggressor, LTE victim

Table 6.4-7a-1 Simulation results for case 7

	Sourcing
	Case 7
NB-IoT -> LTE
3 UEs - 60 kHz
	LTE 0.9 GHz

	
	UE ACLR
	20
	25
	30
	35
	40
	45
	50

	Ericsson
	Throughput loss
5%
	84.56
	58.09
	29.2
	13.87
	7.56
	3.78
	1.89

	
	Throughput loss
 Average
	22.14
	13.11
	7.28
	4.37
	1.46
	1.46
	0.1

	Intel
	Throughput loss
5%
	97.5
	62.6
	31
	12
	3.3
	0.7
	0.3

	
	Throughput loss
 Average
	21.5
	12.5
	7.2
	3.7
	1.7
	0.8
	0.2

	ZTE
	Throughput loss
5%
	71.01
	38.12
	15.73
	5.177
	1.642
	0.3434
	0.082

	
	Throughput loss
 Average
	18.36
	9.741
	4.785
	2.202
	0.96
	0.404
	0.174

	Huawei
	Throughput loss
5%
	63.6
	43.3
	22.5
	6.8
	1.3
	0.05
	0.02

	
	Throughput loss
 Average
	23.8
	13.9
	7.4
	3.6
	1.6
	0.7
	0.3

	Qualcomm
	Throughput loss
5%
	　
	　
	31.18
	13.8
	6
	2.2
	0.76

	
	Throughput loss
 Average
	　
	　
	12.9
	7.1
	3.68
	1.8
	0.83


Table 6.4-7a-2 Simulation results for case 7

	Sourcing
	Case 7
NB-IoT -> LTE
3 UEs - 60 kHz
	LTE 2 GHz

	
	UE ACLR
	20
	25
	30
	35
	40
	45
	50

	Ericsson
	Throughput loss
5%
	71.43
	50.53
	26.26
	13.87
	5.67
	3.78
	1.9

	
	Throughput loss
 Average
	19.6
	10.19
	5.82
	2.91
	1.46
	0.1
	0.05

	Intel
	Throughput loss
5%
	86
	51.7
	18.8
	6.6
	1.3
	0.2
	0.08

	
	Throughput loss
 Average
	19.3
	11.5
	5.6
	2.9
	1.2
	0.5
	0.2

	ZTE
	Throughput loss
5%
	73.09
	44.62
	25.22
	11.29
	3.66
	0.368
	0.014

	
	Throughput loss
 Average
	17.09
	9.239
	4.81
	2.46
	1.216
	0.576
	0.26

	Huawei
	Throughput loss
5%
	65.3
	43.6
	23
	7.4
	1.4
	0.14
	0.03

	
	Throughput loss
 Average
	23.8
	14
	7.5
	3.7
	1.7
	0.7
	0.3

	Qualcomm
	Throughput loss
5%
	　
	　
	30.44
	13.56
	5.93
	2.42
	0.86

	
	Throughput loss
 Average
	　
	　
	12.62
	6.88
	3.53
	1.7
	0.78


Table 6.4-7b-1 Simulation results for case 7

	Sourcing
	Case 7
NB-IoT -> LTE
12 UEs - 15 kHz
	LTE 0.9 GHz

	
	UE ACLR
	20
	25
	30
	35
	40
	45
	50

	Ericsson
	Throughput loss
5%
	89.18
	57.94
	29.07
	13.92
	5.57
	1.86
	0.1

	
	Throughput loss
 Average
	25.92
	15.83
	8.74
	4.37
	2.91
	1.46
	1.46

	Intel
	Throughput loss
5%
	100
	77.4
	43
	15.2
	3.2
	1
	0.2

	
	Throughput loss
 Average
	28
	17.9
	10.6
	5.2
	2.3
	1
	0.5

	ZTE
	Throughput loss
5%
	80.24
	43.58
	15.08
	3.62
	0.64
	0.17
	0.06

	
	Throughput loss
 Average
	28.97
	15.55
	7.42
	3.18
	1.25
	0.46
	0.17

	Qualcomm
	Throughput loss
5%
	　
	　
	49.9
	20.89
	8.45
	2.89
	0.88

	
	Throughput loss
 Average
	　
	　
	22.16
	12.14
	6.1
	2.83
	1.23


Table 6.4-7b-2 Simulation results for case 7

	Sourcing
	Case 7
NB-IoT -> LTE
12 UEs - 15 kHz
	LTE 2 GHz

	
	UE ACLR
	20
	25
	30
	35
	40
	45
	50

	Ericsson
	Throughput loss
5%
	　
	　
	　
	　
	　
	　
	　

	
	Throughput loss
 Average
	　
	　
	　
	　
	　
	　
	　

	Intel
	Throughput loss
5%
	　
	　
	　
	　
	　
	　
	　

	
	Throughput loss
 Average
	　
	　
	　
	　
	　
	　
	　

	ZTE
	Throughput loss
5%
	72.18
	34.29
	11.1
	2.8
	0.57
	0.14
	0.05

	
	Throughput loss
 Average
	26.7
	13.91
	6.45
	2.69
	1.03
	0.37
	0.14

	Qualcomm
	Throughput loss
5%
	　
	　
	50.63
	21.7
	8.42
	2.88
	0.93

	
	Throughput loss
 Average
	　
	　
	22.3
	12.24
	6.17
	2.88
	1.27


Table 6.4-7c-1 Simulation results for case 7

	Sourcing
	Case 7
NB-IoT -> LTE
48 UEs - 3.75 kHz
	LTE 0.9 GHz

	
	UE ACLR
	20
	25
	30
	35
	40
	45
	50

	Ericsson
	Throughput loss
5%
	76.8
	50.52
	21.65
	9.28
	3.71
	1.86
	0.1

	
	Throughput loss
 Average
	26.11
	15.86
	8.87
	4.43
	1.48
	1.48
	0.1

	Intel
	Throughput loss
5%
	100
	80.5
	45.1
	18.1
	3.3
	0.8
	0.1

	
	Throughput loss
 Average
	34.2
	21.1
	12.2
	7.2
	3.2
	1.3
	0.4

	ZTE
	Throughput loss
5%
	67.26
	31.66
	9.6
	2.33
	0.4
	0.13
	0.05

	
	Throughput loss
 Average
	36.6
	18.95
	8.4
	3.32
	1.21
	0.43
	0.16

	Huawei
	Throughput loss
5%
	78.9
	51.6
	28.2
	11.1
	3.7
	0.9
	0.2

	
	Throughput loss
 Average
	51.2
	33.8
	19.6
	9.9
	4.5
	1.8
	0.7

	Qualcomm
	Throughput loss
5%
	　
	　
	60.59
	27.54
	10.26
	3.38
	0.99

	
	Throughput loss
 Average
	　
	　
	34.25
	18.97
	9.3
	4.12
	1.7


Table 6.4-7c-2 Simulation results for case 7

	Sourcing
	Case 7
NB-IoT -> LTE
48 UEs - 3.75 kHz
	LTE 2 GHz

	
	UE ACLR
	20
	25
	30
	35
	40
	45
	50

	Ericsson
	Throughput loss
5%
	　
	　
	　
	　
	　
	　
	　

	
	Throughput loss
 Average
	　
	　
	　
	　
	　
	　
	　

	Intel
	Throughput loss
5%
	　
	　
	　
	　
	　
	　
	　

	
	Throughput loss
 Average
	　
	　
	　
	　
	　
	　
	　

	ZTE
	Throughput loss
5%
	55.99
	16.88
	3.29
	0.87
	0.28
	0.09
	0.03

	
	Throughput loss
 Average
	34.91
	17.84
	7.67
	2.87
	0.99
	0.33
	0.12

	Huawei
	Throughput loss
5%
	79.8
	53.5
	29.7
	12.2
	4
	1
	0.2

	
	Throughput loss
 Average
	51.7
	34.3
	20
	10.3
	4.7
	1.9
	0.8

	Qualcomm
	Throughput loss
5%
	　
	　
	60.98
	27.3
	10.01
	3.21
	0.95

	
	Throughput loss
 Average
	　
	　
	34.14
	18.91
	9.27
	4.1
	1.69


6.4.8 Case8 –Standalone uplink, LTE aggressor, NB-IoT victim

Table 6.4-8a Simulation results for case 8

	Sourcing
	Case 8
LTE -> NB-IoT
3 UEs - 60 kHz
	LTE 0.9 GHz
	LTE 2 GHz

	
	BS ACS
	40
	45
	50
	40
	45
	50

	Ericsson
	SNR loss
5%
	2.9
	1.3
	0.6
	　
	　
	　

	
	SNR loss
50%
	1
	0.6
	0.4
	　
	　
	　

	
	SNR loss
95%
	0.9
	0.6
	0.5
	　
	　
	　

	
	SNR loss
99%
	0.5
	0.3
	0.3
	　
	　
	　

	Intel
	SNR loss
5%
	2.7
	1.1
	0.8
	2.5
	1.1
	0.7

	
	SNR loss
50%
	1
	0.6
	0.5
	0.9
	0.6
	0.5

	
	SNR loss
95%
	1.1
	0.8
	0.6
	1
	0.7
	0.6

	
	SNR loss
99%
	1
	0.7
	0.6
	1
	0.7
	0.6

	ZTE
	SNR loss
5%
	0.34 
	0.13 
	0.06 
	0.20 
	0.08 
	0.05 

	
	SNR loss
50%
	0.44 
	0.23 
	0.13 
	0.40 
	0.18 
	0.12 

	
	SNR loss
95%
	0.94 
	0.56 
	0.39 
	0.89 
	0.49 
	0.33 

	
	SNR loss
99%
	0.95 
	0.57 
	0.39 
	1.00 
	0.59 
	0.42 

	Huawei
	SNR loss
5%
	0.05
	0.05
	0
	0.05
	0..05
	0.02

	
	SNR loss
50%
	0.6
	0.4
	0.2
	0.8
	0.4
	0.3

	
	SNR loss
95%
	0.7
	0.4
	0.3
	1.1
	0.6
	0.4

	
	SNR loss
99%
	0.5
	0.4
	0.3
	1
	0.5
	0.4

	Qualcomm
	SNR loss
5%
	0.81
	0.28
	0.16
	0.86
	0.34
	0.19

	
	SNR loss
50%
	0.89
	0.5
	0.31
	0.81
	0.43
	0.27

	
	SNR loss
95%
	1.02
	0.64
	0.46
	0.98
	0.61
	0/44

	
	SNR loss
99%
	0.99
	0.6
	0.44
	0.91
	0.53
	0.4


Table 6.4-8b Simulation results for case 8

	Sourcing
	Case 8
LTE -> NB-IoT
12 UEs - 15 kHz
	LTE 0.9 GHz
	LTE 2 GHz

	
	BS ACS
	40
	45
	50
	40
	45
	50

	Ericsson
	SNR loss
5%
	1.7
	0.8
	0.5
	　
	　
	　

	
	SNR loss
50%
	0.8
	0.5
	0.3
	　
	　
	　

	
	SNR loss
95%
	0.6
	0.3
	0.2
	　
	　
	　

	
	SNR loss
99%
	0.3
	0.2
	0.2
	　
	　
	　

	Intel
	SNR loss
5%
	2.6
	1
	0.7
	　
	　
	　

	
	SNR loss
50%
	0.9
	0.5
	0.4
	　
	　
	　

	
	SNR loss
95%
	0.8
	0.5
	0.4
	　
	　
	　

	
	SNR loss
99%
	0.9
	0.6
	0.5
	　
	　
	　

	ZTE
	SNR loss
5%
	0.27 
	0.10 
	0.06 
	0.25 
	0.09 
	0.05 

	
	SNR loss
50%
	0.41 
	0.20 
	0.12 
	0.38 
	0.18 
	0.11 

	
	SNR loss
95%
	0.92 
	0.51 
	0.33 
	0.86 
	0.49 
	0.34 

	
	SNR loss
99%
	1.01 
	0.56 
	0.38 
	1.09 
	0.68 
	0.50 

	Qualcomm
	SNR loss
5%
	0.73
	0.29
	0.16
	0.81
	0.34
	0.22

	
	SNR loss
50%
	0.87
	0.45
	0.29
	0.89
	0.49
	0.32

	
	SNR loss
95%
	0.99
	0.63
	0.44
	1.03
	0.63
	0.46

	
	SNR loss
99%
	0.99
	0.61
	0.45
	1
	0.63
	0.47


Table 6.4-8c Simulation results for case 8

	Sourcing　
	Case 8
LTE -> NB-IoT
48 UEs - 3.75 kHz
	LTE 0.9 GHz
	LTE 2 GHz

	
	BS ACS
	40
	45
	50
	40
	45
	50

	Intel
	SNR loss
5%
	2.6
	0.9
	0.6
	　
	　
	　

	
	SNR loss
50%
	1
	0.5
	0.4
	　
	　
	　

	
	SNR loss
95%
	0.8
	0.4
	0.4
	　
	　
	　

	
	SNR loss
99%
	0.9
	0.5
	0.4
	　
	　
	　

	ZTE
	SNR loss
5%
	0.30 
	0.11 
	0.06 
	0.23 
	0.09 
	0.05 

	
	SNR loss
50%
	0.45 
	0.22 
	0.13 
	0.38 
	0.18 
	0.11 

	
	SNR loss
95%
	0.84 
	0.47 
	0.32 
	0.82 
	0.46 
	0.31 

	
	SNR loss
99%
	0.96 
	0.60 
	0.43 
	0.93 
	0.55 
	0.38 

	Huawei
	SNR loss
5%
	0.1
	0
	0
	0.1
	0.1
	0.05

	
	SNR loss
50%
	0.8
	0.4
	0.3
	0.8
	0.5
	0.4

	
	SNR loss
95%
	1.1
	0.6
	0.3
	1
	0.6
	0.4

	
	SNR loss
99%
	1
	0.5
	0.3
	1
	0.5
	0.3

	Qualcomm
	SNR loss
5%
	0.69
	0.27
	0.13
	0.81
	0.34
	0.18

	
	SNR loss
50%
	0.81
	0.45
	0.29
	0.85
	0.46
	0.3

	
	SNR loss
95%
	0.97
	0.59
	0.42
	0.98
	0.61
	0.45

	
	SNR loss
99%
	0.88
	0.52
	0.36
	0.91
	0.55
	0.38



6.4.9 Case9 –Standalone uplink, NB-IoT aggressor, UMTS victim

Table 6.4-9a Simulation results for case 9

	Sourcing
	Case 9
NB-IoT -> UMTS
3 UEs - 60 kHz
	UMTS 0.9 GHz
	UMTS 2 GHz

	
	UE ACLR 
	20
	25
	30
	35
	40
	45
	50
	20
	25
	30
	35
	40
	45
	50

	Ericsson
	Capacity loss
	　
	　
	　
	　
	58.4
	18.8
	9.4
	　
	　
	　
	　
	　
	　
	　

	Huawei
	Capacity loss
	　
	　
	　
	　
	70.2
	32.5
	11.8
	　
	　
	　
	　
	　
	　
	　

	Qualcomm
	Capacity loss
	　
	　
	76.81
	49.95
	25.37
	11.07
	4.7
	　
	　
	　
	　
	　
	　
	　


Table 6.4-9b Simulation results for case 9

	Sourcing
	Case 9
12 UEs - 15 kHz
	UMTS 0.9 GHz
	UMTS 2 GHz

	
	UE ACLR 
	20
	25
	30
	35
	40
	45
	50
	20
	25
	30
	35
	40
	45
	50

	Qualcomm
	Capacity loss
	　
	　
	85.58
	64.14
	37.38
	17.24
	7.29
	　
	　
	　
	　
	　
	　
	　


Table 6.4-9c Simulation results for case 9

	Sourcing
	Case 9
NB-IoT -> UMTS
48 UEs - 3.75 kHz
	UMTS 0.9 GHz
	UMTS 2 GHz

	
	UE ACLR 
	20
	25
	30
	35
	40
	45
	50
	20
	25
	30
	35
	40
	45
	50

	Huawei
	Capacity loss
	　
	　
	　
	　
	73.6
	34.8
	12.6
	　
	　
	　
	　
	　
	　
	　

	Qualcomm
	Capacity loss
	　
	　
	89.18
	73
	46.02
	22.07
	9.53
	　
	　
	　
	　
	　
	　
	　


6.4.10 Case10 –Standalone uplink, UMTS aggressor, NB-IoT victim

Table 6.4-10a Simulation results for case 10

	Sourcing
	Case 10
UMTS -> NB-IoT
3 UEs - 60 kHz
	UMTS 0.9 GHz
	UMTS 2 GHz

	
	BS ACS
	40
	45
	50
	40
	45
	50

	Ericsson
	SNR loss
5%
	0.1
	0.1
	0.1
	　
	　
	　

	
	SNR loss
50%
	0.2
	0.2
	0.2
	　
	　
	　

	
	SNR loss
95%
	0.2
	0.2
	0.2
	　
	　
	　

	
	SNR loss
99%
	0.1
	0.1
	0.1
	　
	　
	　

	Huawei
	SNR loss
5%
	0.01
	0
	0
	　
	　
	　

	
	SNR loss
50%
	0.44
	0.2
	0.1
	　
	　
	　

	
	SNR loss
95%
	0.7
	0.36
	0.2
	　
	　
	　

	
	SNR loss
99%
	0.7
	0.45
	0.2
	　
	　
	　


Table 6.4-10c Simulation results for case 10

	Sourcing
	Case 10
UMTS -> NB-IoT
48 UEs - 3.75 kHz
	UMTS 0.9 GHz
	UMTS 2 GHz

	
	BS ACS
	40
	45
	50
	40
	45
	50

	Huawei
	SNR loss
5%
	0.15
	0.02
	0
	　
	　
	　

	
	SNR loss
50%
	0.46
	0.22
	0.1
	　
	　
	　

	
	SNR loss
95%
	0.7
	0.45
	0.2
	　
	　
	　

	
	SNR loss
99%
	0.7
	0.5
	0.1
	　
	　
	　


6.4.11 Case11 –Standalone uplink, NB-IoT aggressor, GSM victim

Table 6.4-11a Simulation results for case 11

	Sourcing
	Case 11
NB-IoT -> GSM
3 UEs - 60 kHz
	GSM 0.9 GHz

	
	UE ACLR 
	20
	25
	30
	35
	40
	45
	50

	Ericsson
	Outage
	3.4
	1.9
	1.2
	0.6
	0.3
	0.2
	0

	CMCC
	Outage
	0.8
	0.4
	0.1
	0
	0
	0
	0

	Huawei
	Outage
	3.2
	1.7
	1.2
	0.8
	0.3
	0.12
	0.07

	Qualcomm
	Outage
	　
	　
	0.27
	0.14
	0.08
	0.08
	0.08


Table 6.4-11b Simulation results for case 11

	Sourcing
	Case 11
NB-IoT -> GSM
12 UEs - 15 kHz
	GSM 0.9 GHz

	
	UE ACLR 
	20
	25
	30
	35
	40
	45
	50

	CMCC
	Outage
	2.3
	1.1
	0.4
	0.1
	0
	0
	0

	Qualcomm
	Outage
	　
	　
	0.65
	0.31
	0.17
	0.14
	0.14


Table 6.4-11c Simulation results for case 12

	Sourcing
	Case 11
NB-IoT -> GSM
48 UEs - 3.75 kHz
	GSM 0.9 GHz

	
	UE ACLR 
	20
	25
	30
	35
	40
	45
	50

	CMCC
	Outage
	5
	2.4
	0.7
	0.3
	0.1
	0
	0

	Huawei
	Outage
	5.8
	3
	1.6
	1.1
	0.8
	0.2
	0.08

	Qualcomm
	Outage
	　
	　
	1,31
	0.67
	0.46
	0.4
	0.4


6.4.12 Case12 –Standalone uplink, GSM aggressor, NB-IoT victim

Table 6.4-12a Simulation results for case 12

	Sourcing
	Case 12
GSM -> NB-IoT
3 UEs - 60 kHz
	GSM 0.9 GHz

	
	BS ACS
	40
	45
	50

	Ericsson
	SNR loss
5%
	1.5
	0.6
	0.3

	
	SNR loss
50%
	1.4
	0.7
	0.3

	
	SNR loss
95%
	0.9
	0.5
	0.4

	
	SNR loss
99%
	0.7
	0.4
	0.2

	Huawei
	SNR loss
5%
	5.8
	2.8
	1

	
	SNR loss
50%
	2.1
	1.3
	0.8

	
	SNR loss
95%
	1.8
	0.8
	0.5

	
	SNR loss
99%
	1.3
	0.5
	0.3

	Qualcomm
	SNR loss
5%
	0.63
	0.3
	0.2

	
	SNR loss
50%
	0.47
	0.24
	0.15

	
	SNR loss
95%
	0.4
	0.25
	0.16

	
	SNR loss
99%
	0.44
	0.29
	0.19


Table 6.4-12b Simulation results for case 12

	Sourcing
	Case 12
GSM -> NB-IoT
12 UEs - 15 kHz
	GSM 0.9 GHz

	
	BS ACS
	40
	45
	50

	Qualcomm
	SNR loss
5%
	0.58
	0.44
	0.41

	
	SNR loss
50%
	0.37
	0.17
	0.12

	
	SNR loss
95%
	0.41
	0.26
	0.17

	
	SNR loss
99%
	0.38
	0.23
	0.16


Table 6.4-12c Simulation results for case 12

	Sourcing
	Case 12
GSM -> NB-IoT
48 UEs - 3.75 kHz
	GSM 0.9 GHz

	
	BS ACS
	40
	45
	50

	Huawei
	SNR loss
5%
	5.6
	2.8
	0.9

	
	SNR loss
50%
	2.1
	1.2
	0.8

	
	SNR loss
95%
	1.8
	0.9
	0.5

	
	SNR loss
99%
	1.2
	0.6
	0.3

	Qualcomm
	SNR loss
5%
	0.35
	0.23
	0.21

	
	SNR loss
50%
	0.36
	0.18
	0.12

	
	SNR loss
95%
	0.38
	0.24
	0.15

	
	SNR loss
99%
	0.37
	0.22
	0.16


6.4.13 Intermediary Conclusion

The criteria captured in Table 6.4.13-1 have been used to conclude on NB-IoT standalone coexistence study with LTE, UMTS and GSM. Those criteria are those usually used for similar coexistence studies. For NB-IoT, such criteria has never been specified as this is the first time such study has been performed.

Table 6.4.13-1: Criteria for coexistence evaluation

	RAT
	Criteria

	LTE
	Throughput degradation less than 5% for 5%-ile and average

	UMTS
	Outage less or equal to 5%

	GSM
	Outage less or equal to 5%

	NB-IoT
	Average of SNR value loss is less or equal to 1 dB 


Based on those criteria, from companies’ outputs collected previously in 6.4.1.1 and 6.4.1.2, we could conclude on the following Table 6.4.13-2.
Table6.4.13-2: Coexistence results

	RAT
	BS / UE
	ACLR / ACS
	Value (dB)
	Impact

	GSM
	BS
	ACLR
	40
	Outage degradation [4.1-2.9]%

	
	
	ACS
	45-50
	[2.8-0.4] dB loss

	
	UE
	ACLR
	20
	Outage degradation [3.4-0.8]%

	
	
	ACS
	30-40
	[2-0] dB loss

	UMTS
	BS
	ACLR(*)
	40-45
	Outage degradation [3.27-0.34]%

	
	
	ACS
	40
	[0.7-0] dB loss

	
	UE
	ACLR(*)
	>50
	N.A.

	
	
	ACS
	20-40
	[1.4-0] dB loss

	LTE
	BS
	ACLR(*)
	40-55
	Outage degradation [6.7-0.38]% (ACLR=50)

	
	
	ACS
	40-50
	[1.3-0.1] dB loss (ACS=45)

	
	UE
	ACLR(*)
	35-45
	Outage degradation [11.3-2.2]% (ACLR=40)

	
	
	ACS
	35-40
	[1.51-0] dB loss (ACS=35)


(*)The ACLR value mentioned above corresponds to ACLR_3 or ACLR_4, not ACLR_1. Refer to 6.3 for more detailed explanations

6.4.14 UEM masks

For the Base Station, as agreed in WF R4-161289, the UEM mask is based on MSR table 6.6.2.2-2 with Foffset,RAT=200 kHz. An equivalent ACLR from this mask would have 48-50 dB value.

For the UE, several UEM masks are under investigation, but achievable power ration has been evaluated in following Table 6.4.14-1:

Table 6.4.14-1: Achievable power ration for UE candidate masks

	Protection over the 200kHz channel with edge to edge frequency offset
	100kHz
(with GSM)
	500kHz
(with LTE)
	580kHz
(with UMTS)

	(reference) GSM
	36dB
	60dB
	60dB

	LTE like [1]
	18dB
	55dB
	55dB

	GSM like [2]
	26dB
	50dB
	50dB


6.4.15 Conclusion 

By comparing the values from the coexistence studies with the achievable power ratio for the considered masks for BS and UE (Table 6.4.15-1), we can conclude on the following: 

NB-IoT can co-exist with LTE, UMTS and GSM.

Table 6.4.15-1: Coexistence results vs achievable power ratio for each candidate mask
	 
	Achievable power ratio (dB)
	GSM

ACRL to coexist
	UMTS

ACRL(*) to coexist
	LTE

ACRL(*) to coexist

	Base Station ACLR
	48-50
	40
	40-45 (*)
	40-55 (*)

	UE 

ACLR candidate 1
	GSM:36
	20
	
	

	
	UMTS: 60
	
	>50 (*)
	

	
	LTE: 60
	
	
	35-45 (*)

	UE 

ACLR candidate 2
	GSM:18
	20
	
	

	
	UMTS: 55
	
	>50 (*)
	

	
	LTE: 55
	
	
	35-45 (*)

	UE 

ACLR candidate 3
	GSM:26
	20
	
	

	
	UMTS: 50
	
	>50 (*)
	

	
	LTE: 50
	
	
	35-45 (*)


(*)The ACLR value mentioned above corresponds to ACLR_3 or ACLR_4, not ACLR_1. Refer to 6.3 for more detailed explanations

6.4.16 Case13 –Guard band uplink, NB-IoT aggressor, LTE victim

Table 6.4-13 Simulation results for case 13

	Sourcing
	Case 13
NB-IoT -> LTE
48 UEs - 3.75 kHz
	LTE 0.9 GHz
	LTE 2 GHz

	
	Metric
	1st adjacent PRB (P1)
	2nd adjacent PRB (P2)
	3rd adjacent PRB (P3)
	other PRB (P4)
	1st adjacent PRB (P1)
	2nd adjacent PRB (P2)
	3rd adjacent PRB (P3)
	other PRB (P4)

	Huawei
	degradation of 
5%-ile SNR
	0.07
	0.013
	5.00E-04
	0
	0.07
	0.014
	5.00E-04
	0

	
	Throughput loss
5%-ile
	1.30%
	0.20%
	0.01%
	0%
	1.40%
	0.20%
	0.01%
	0%

	
	degradation of 
average SNR
	0.23
	0.022
	1.20E-03
	0
	0.24
	0.023
	1.20E-03
	0

	
	Throughput loss
 Average
	3.50%
	0.30%
	0.02%
	0%
	3.70%
	0.35%
	0.02%
	0%

	Ericsson
	degradation of 
5%-ile SNR
	0.1
	0
	0
	0
	　
	　
	　
	　

	
	Throughput loss
5%
	0.9
	0
	0
	0
	　
	　
	　
	　

	
	degradation of 
average SNR
	0.2
	0.1
	0
	0
	　
	　
	　
	　

	
	Throughput loss
 Average
	2.1
	0.9
	0
	0
	　
	　
	　
	　

	
	degradation of 
95%-ile SNR
	0.3
	0.1
	0
	0
	　
	　
	　
	　

	
	Throughput loss
 95%
	3.5
	0.9
	0
	0
	　
	　
	　
	　

	Intel
	degradation of 
5%-ile SNR (in dB)
	3.1
	0.2
	0.1
	0
	2.9
	0.2
	0.1
	0

	
	Throughput loss
5% (in %)
	47
	3.6
	1.1
	0.1
	44
	3.8
	1.4
	0.1

	
	degradation of 
average SNR (in dB)
	1.4
	0.2
	0.1
	0
	1.2
	0.2
	0.1
	0

	
	Throughput loss
 Average (in %)
	17
	3.3
	1.6
	0.2
	15
	3
	1.5
	0.2

	ZTE
	degradation of 
5%-ile SNR
	1.14 
	0.05 
	0.03 
	0.02 
	1.05 
	0.06 
	0.01 
	0.01 

	
	Throughput loss
5%
	5.79 
	0.20 
	0.08 
	0.05 
	5.11 
	0.24 
	0.10 
	0.05 

	
	degradation of 
average SNR
	1.61 
	0.10 
	0.04 
	0.03 
	1.53 
	0.13 
	0.05 
	0.03 

	
	Throughput loss
 Average
	10.45 
	0.77 
	0.32 
	0.18 
	10.01 
	0.73 
	0.31 
	0.17 

	Nokia
	degradation of 
5%-ile SNR
	0.03
	<0.01
	<0.01
	<0.01
	0.03
	<0.01
	<0.01
	<0.01

	
	Throughput loss
5%
	0.6
	　
	　
	　
	0.5
	　
	　
	　

	
	degradation of 
average SNR
	0.16
	<0.01
	<0.01
	<0.01
	0.15
	<0.01
	<0.01
	<0.01

	
	Throughput loss
 Average
	2.4
	　
	　
	　
	2.2
	　
	　
	　

	
	degradation of 
95%-ile SNR
	0.7
	<0.01
	<0.01
	<0.01
	0.6
	<0.01
	<0.01
	<0.01

	
	Throughput loss
 95%
	4.7
	　
	　
	　
	4.5
	　
	　
	　



6.4.17 Case14 –Guard band uplink, LTE aggressor, NB-IoT victim

Table 6.4-14 Simulation results for case 14

	Case 14
LTE -> NB-IoT
48 UEs - 3.75 kHz
	LTE 0.9 GHz
	LTE 2 GHz

	Sourcing
	SNR loss
5%
	SNR loss 50%
	SNR loss
95%
	SNR loss
99%
	SNR loss
5%
	SNR loss 50%
	SNR loss
95%
	SNR loss
99%

	Huawei
	0.12
	0.2
	0.4
	0.4
	0.16
	0.3
	0.5
	0.5

	Ericsson
	0.2
	0.2
	0.5
	0.6
	0.3
	0.2
	0.6
	0.6

	Intel
	2.9
	0.9
	0.8
	0.8
	2.7
	0.8
	0.6
	0.6

	ZTE
	0.18 
	0.25 
	0.50 
	0.59 
	0.17 
	0.24 
	0.51 
	0.57 

	Nokia
	0.2
	0.6
	2
	2.1
	0.2
	0.6
	2.1
	2.2


6.4.18 Case15 –In-band uplink, NB-IoT aggressor, LTE victim

Table 6.4-15 Simulation results for case 15

	Sourcing
	Case 15
NB-IoT -> LTE
48 UEs - 3.75 kHz
	LTE 0.9 GHz
	LTE 2 GHz

	
	Metric
	1st adjacent PRB (P1)
	2nd adjacent PRB (P2)
	3rd adjacent PRB (P3)
	other PRB (P4)
	1st adjacent PRB (P1)
	2nd adjacent PRB (P2)
	3rd adjacent PRB (P3)
	other PRB (P4)

	Huawei
	degradation of 
5%-ile SNR
	0.07
	0.013
	5.00E-04
	0
	0.07
	0.014
	5.00E-04
	0

	
	Throughput loss
5%-ile
	1.30%
	0.20%
	0.01%
	0%
	1.40%
	0.20%
	0.01%
	0%

	
	degradation of 
average SNR
	0.23
	0.022
	1.20E-03
	0
	0.24
	0.023
	1.20E-03
	0

	
	Throughput loss
 Average
	3.50%
	0.30%
	0.02%
	0%
	3.70%
	0.35%
	0.02%
	0%

	Ericsson
	degradation of 
5%-ile SNR
	0.1
	0
	0
	0
	　
	　
	　
	　

	
	Throughput loss
5%
	0.9
	0
	0
	0
	　
	　
	　
	　

	
	degradation of 
average SNR
	0.2
	0.1
	0
	0
	　
	　
	　
	　

	
	Throughput loss
 Average
	2.1
	0.9
	0
	0
	　
	　
	　
	　

	
	degradation of 
95%-ile SNR
	0.3
	0.1
	0
	0
	　
	　
	　
	　

	
	Throughput loss
 95%
	3.5
	0.9
	0
	0
	　
	　
	　
	　

	Intel
	degradation of 
5%-ile SNR (in dB)
	3.1
	0.2
	0.1
	0
	2.9
	0.2
	0.1
	0

	
	Throughput loss
5% (in %)
	47
	3.6
	1.1
	0.1
	44
	3.8
	1.4
	0.1

	
	degradation of 
average SNR (in dB)
	1.4
	0.2
	0.1
	0
	1.2
	0.2
	0.1
	0

	
	Throughput loss
 Average (in %)
	17
	3.3
	1.6
	0.2
	15
	3
	1.5
	0.2

	ZTE
	degradation of 
5%-ile SNR
	1.14 
	0.05 
	0.03 
	0.02 
	1.05 
	0.06 
	0.01 
	0.01 

	
	Throughput loss
5%
	5.79 
	0.20 
	0.08 
	0.05 
	5.11 
	0.24 
	0.10 
	0.05 

	
	degradation of 
average SNR
	1.61 
	0.10 
	0.04 
	0.03 
	1.53 
	0.13 
	0.05 
	0.03 

	
	Throughput loss
 Average
	10.45 
	0.77 
	0.32 
	0.18 
	10.01 
	0.73 
	0.31 
	0.17 

	Nokia
	degradation of 
5%-ile SNR
	0.03
	<0.01
	<0.01
	<0.01
	0.03
	<0.01
	<0.01
	<0.01

	
	Throughput loss
5%
	0.6
	　
	　
	　
	0.5
	　
	　
	　

	
	degradation of 
average SNR
	0.16
	<0.01
	<0.01
	<0.01
	0.15
	<0.01
	<0.01
	<0.01

	
	Throughput loss
 Average
	2.4
	　
	　
	　
	2.2
	　
	　
	　

	
	degradation of 
95%-ile SNR
	0.7
	<0.01
	<0.01
	<0.01
	0.6
	<0.01
	<0.01
	<0.01

	
	Throughput loss
 95%
	4.7
	　
	　
	　
	4.5
	　
	　
	　


6.4.19 Case16 –In-band uplink, LTE aggressor, NB-IoT victim

Table 6.4-16 Simulation results for case 16

	Case 16
LTE -> NB-IoT
48 UEs - 3.75 kHz
	LTE 0.9 GHz
	LTE 2 GHz

	Sourcing
	SNR loss
5%
	SNR loss 50%
	SNR loss
95%
	SNR loss
99%
	SNR loss
5%
	SNR loss 50%
	SNR loss
95%
	SNR loss
99%

	Huawei
	0.15
	0.4
	0.72
	0.7
	0.18
	0.42
	0.8
	0.8

	Ericsson
	0.3
	0.3
	0.9
	1.1
	0.5
	0.4
	1
	1.2

	Intel
	5.6
	1.5
	1.2
	1.5
	5.9
	1.4
	1.1
	1.1

	ZTE
	0.33 
	0.50 
	1.09 
	1.30 
	0.32 
	0.50 
	1.09 
	1.37 

	Nokia
	0.2
	0.6
	1.9
	2.1
	0.2
	0.6
	2
	2.2


6.4.20 Background and conclusion

The power leakage modeling data with same granularity from different companies are not totally same (e.g. with/without filtering). The simulation results from different companies are based on their own power leakage model. Power leakage model is somehow dependent on implementation (e.g. filtering), sinc-shaped pulse filter could be regarded as the worst case.  Comment: Not sure this difference could really explain all results’ differences: we all have  similar power leakage, but still, simulations results are not converging.
NB-IoT can coexist with LTE in-band and guard band with the observations as follows,

· NB-IoT perform some interference on 1st adjacent LTE PRB, while the interference on other PRBs is insignificant or acceptable.

· Some impact on NB-IoT at high SNR. 

· Guard band operation perform slightly better coexistence compared to in-band operation.

7
Study of BS requirements
NB-IoT base station requirements shall be introduced in TS 36.104 for all three operation modes which is described in section 4.1. In addition, for the case NB-IoT carrier in three operation modes mixed with other RAT carriers, base station requirements shall also be introduced in TS 37.104 for Multi-Standard Radio specification.

This section gives the technical analysis on each BS RF requirements for both TS 36.104 and TS 37.104.
7.1
Transmitter characteristics
7.1.1 General

7.1.2 Base station output power

Base station output power specifies some power related definitions, BS rated output power for each BS class and the accuracy of BS maximum output power relative to the rated output power declared by manufacturer. There are in addition regional requirements for output powers that can be declared and three single-RAT requirements.
For NB-IoT BS, BS class definitions and maximum output power accuracy requirements should reuse BS class definitions and maximum output power accuracy requirements of LTE BS regardless of NB-IoT operation modes. In addition, for NB-IoT in-band and guard band operation, NB-IoT carrier and LTE carrier should share the LTE carrier output power and this should be clarified in the specification in TS 36.104. The corresponding clause in TS 37.104 can be kept unchanged.
7.1.3 Output power dynamics

7.1.3.1 Power boosting of NB-IoT carrier in LTE in-band/guard band operation

The power boosting requirement of NB-IoT carrier is on the ratio of power of NB-IoT carrier which occupies a PRB of LTE carrier in-band or 180kHz in guard band, compared with the average power over all carrier (both LTE and NB-IoT). Minimum requirements of NB-IoT carrier power boosting except guard-band operation mode with 1.4/3/5 MHz CBW is +6dB. In Rel-13, only one PRB is allowed to be boosted 6dB for in-band operation mode, and guard band operation mode with 10/15/20 MHz CBW. For guard-band operation mode with 5 MHz CBW, in Release 13 it is decided manufacturer can declare any power boosting level which BS can perform, while in Release 14 specific boosting level may be specified. Guard-band operation mode with 1.4/3 MHz CBW is FFS. In case of guard band operation the NB-IoT power boosted PRB should be placed adjacent to the LTE PRB edge as close as possible (i.e., away from edge of system bandwidth).
This new requirement should be introduced in both TS 36.104 and TS 37.104.

7.1.4
Transmit ON/OFF power

The requirements are only applied for TDD BS. In Rel-13 NB-IoT, only FDD BS is included so the requirements are not related to Rel-13 NB-IoT BS.
7.1.5 Transmitted signal quality

7.1.5.1 Error Vector Magnitude
QPSK is the baseline modulation scheme for NB-IoT carrier and 16QAM is still FFS in RAN1. For the same modulation scheme, the EVM requirement for NB-IoT carrier should also be the same as existing LTE requirement. Therefore, this clause should be clarified for NB-IoT in both TS 36.104 and TS 37.104.
The EVM measurement shall be performed for each NB-IoT carrier over all allocated sub-channels and downlink subframes within 10ms measurement periods. The boundaries of the EVM measurement periods need not be aligned with radio frame boundaries. The EVM value is then calculated as the mean square root of the measured values. The EVM of each NB-IoT carrier for different modulation schemes on NB-PDSCH shall be better than the limits in table 7.1.5.1-1:

Table 7.1.5.1-1: EVM requirements

	Modulation scheme for NB-PDSCH
	Required EVM [%]

	QPSK
	17.5 %


7.1.5.2 Frequency error

Frequency error is a measure of the difference between the actual BS transmits frequency and the assigned frequency. The same source shall be used for RF frequency and data clock generation.

Frequency error requirement for NB-IoT base station should reuse LTE BS requirement regardless of which operation modes the NB-IoT base station is apply. Therefore, this clause in both TS 36.104 and TS 37.104 can be kept unchanged.
7.1.5.3 Time alignment error
Time Alignment Error (TAE) is defined as the largest timing difference between any two signals for TX diversity, MIMO transmission, carrier aggregation and their combinations.
For NB-IoT, SFBC is agreed to be used for 2DL antenna ports in RAN1, time alignment error requirement for TX diversity transmissions should also be reused for SFBC. Therefore, this clause should be clarified for NB-IoT in both TS 36.104 and TS 37.104.
7.1.5.4 DL NRS power

For NB-IoT, DL NRS power is the resource element power of the Downlink Narrow-band Reference Signal.

The absolute DL NRS power is indicated on the DL-SCH. The absolute accuracy is defined as the maximum deviation between the DL NRS power indicated on the DL-SCH and the DL NRS power of each NB-IoT carrier at the BS antenna connector. DL NRS power of each NB-IoT carrier should be within ( 2.1 dB of the DL NRS power indicated on the DL-SCH
7.1.6 Unwanted emissions

7.1.6.1 Occupied bandwidth

For in band operation the occupied bandwidth for LTE and NB-IoT should be less than the channel bandwidth of LTE carrier.

For guard band operation in LTE carrier of CBW > 3MHz, the occupied bandwidth for LTE and NB-IoT should be less than the channel bandwidth of LTE carrier. For guard band operation in LTE carrier of CBW =1.4/3 MHz, the occupied bandwidth for LTE and NB-IoT is FFS.
For standalone operation the occupied bandwidth is 200kHz.
7.1.6.2 Adjacent Channel Leakage power Ratio (ACLR)
For in band or guard band, LTE and NB-IoT shall fulfill ACLR requirements as defined in TS 36.104.
For NB-IoT standalone operation, a 2 steps ACLR is specified from 200 kHz offset from NB-IoT, according to Figure 7.1.6.2- 1. The ACLR shall be higher than the value specified in in Table 7.1.6.2-1.
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Figure 7.1.6.2- 1: ACLR for NB-IoT standalone
Table 7.1.6.2-1: Base Station ACLR for NB-IoT standalone operation
	Channel bandwidth of standalone NB-IoT lowest/highest carrier transmitted BWChannel
	BS adjacent channel centre frequency offset below the lowest or above the highest carrier centre frequency transmitted 
	Assumed adjacent channel carrier (informative)
	Filter on the adjacent channel frequency and corresponding filter bandwidth
	ACLR limit

	200 kHz
	300 kHz
	Standalone NB-IoT
	Square (BWConfig)
	40 dB

	
	500 kHz
	Standalone NB-IoT
	Square (BWConfig)
	50 dB

	NOTE 1:
BWConfig is the transmission bandwidth configuration of the E-UTRA Lowest/Highest Carrier transmitted on the assigned channel frequency.


7.1.6.3 Operating band unwanted emissions

For NB-IoT in band operation, LTE unwanted emission mask requirements should be reused. 

For NB-IoT guard band operation in LTE carrier of CBW > 5MHz, LTE unwanted emission mask requirements should be reused.

Unless otherwise stated, for NB-IoT standalone operation and MSR operation with NB-IoT as the outermost carrier of RF bandwidth, existing MSR UEM requirement specified in clause 6.6.2.2 of TS 37.104 for BC2 operation is reused for all operating bands using the same Foffset, RAT value for NB-IoT as for GSM. 

An exception is for BS that only supports E-UTRA and NB-IoT multi-carrier operation, the existing E-UTRA Category A and Category B Option 1 masks should be kept as an option only for Rel-8 E-UTRA BS upgrade. 
At the same time, band category in TS 37.104 should also be revised for NB-IoT as:

· Band Category 1 (BC1): Bands for E-UTRA FDD and UTRA FDD operation. Bands in this category are also used for NB-IoT operation (all modes)

· Band Category 2 (BC2): Bands for E-UTRA FDD, UTRA FDD, and GSM/EDGE operation. Bands in this category are also used for NB-IoT operation (all modes)

Frequency offset Foffset from the Lowest and Highest Carriers to the Base Station RF Bandwidth edges and sub-block edges (if any) is defined in Table7.1.6.3-1 for NB-IoT. 
Table7.1.6.3-1 Foffset for Standalone NB-IoT

	RAT
	Foffset, RAT

	Standalone NB-IoT
	200 kHz


7.1.6.4 Transmitter spurious emissions
The spurious emission requirement in LTE and MSR specification can be reused for NB-IoT.
7.1.7 Transmitter intermodulation

For NB-IoT in band operation, existing LTE transmitter intermodulation requirements should be reused.

For NB-IoT guard band operation in LTE carrier of CBW > 5MHz, existing LTE transmitter intermodulation requirement should be reused

For NB-IoT standalone operation compliance with TS 36.104, intermodulation requirement as specified in clause 6.7.1 in TS 36.104 should be reused.

For NB-IoT standalone operation compliance with TS 37.104, intermodulation requirement as specified in clause 6.7.1 in TS 37.104 should be reused for BC1bands, and intermodulation requirement as specified in clause 6.7.1 and 6.7.2 in TS 37.104 should be reused for BC2 bands.

7.2
Receiver characteristics
7.2.1  Reference sensitivity level

The reference sensitivity power level PREFSENS is the minimum mean power received at the antenna connector at which a throughput requirement shall be met for a specified reference measurement channel.
The methodology to derive reference sensitivity power level PREFSENS is as follows,

PREFSENS = -174+10*log10(BW) + NF + IM + SNR
Where,

· BW is the transmission bandwidth in Hz,
· NF is the receiver noise figure in dB, for wide area base station, NF = 5,
· IM is implementation margin in dB, for low MCS in REFSENS, IM = 2,
· SNR in dB to meet the 95% of maximum throughput under fixed reference channel (FRC) without any repetition
Reference sensitivity requirement for NB-IoT should be specified for single-tone transmission of both 3.75kHz and 15kHz. The parameter configuration of reference measurement channel and the corresponding simulation results are listed in following table 7.2.1-1.

Table 7.2.1-1 FRC parameters and simulation results for base station reference sensitivity
	Reference channel
	A12-2
	A12-1

	Sub carrier spacing (kHz)
	3.75 
	15

	Number of tone 
	1
	1

	Modulation
	π/2 BPSK
	π/2 BPSK

	IMCS / ITBS
	0 / 0
	0 / 0

	Payload size (bits) 
	32
	32

	Allocated resource units
	2
	2

	Transport block CRC (bits) 
	24
	24

	Coding rate (target)
	1/3
	1/3

	Coding Rate
	0.29
	0.29

	Code block CRC size (bits)
	0
	0

	Number of code blocks – C
	1
	1

	Total symbols per resource unit
	96
	96

	Total number of bits per resource unit
	96
	96

	Tx time (ms)
	64
	16

	Required SNR (dB)
	-2.0
	-2.1


Then reference sensitivity levels for NB-IoT are specified in Table 7.2.1-2.

Table 7.2.1-2: Wide Area BS reference sensitivity levels for NB-IoT
	Reference measurement channel
	 Reference sensitivity power level, PREFSENS

 [dBm]

	FRC A12-1
	-127.3

	FRC A12-2
	-133.3


7.2.2 Dynamic Range

The dynamic range is specified as a measure of the capability of the receiver to receive a wanted signal in the presence of an interfering signal inside the received channel bandwidth. The interfering signal level inside the received channel bandwidth is expressed as Iot (Interference over thermal) and can reuse LTE requirement of 20dB for NB-IoT.
For standalone operation, the interfering signal level and wanted signal level are:
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The parameters for the reference measurement channels are listed in Table 7.2.2-1 for dynamic range. The required SNR for this FRC is 4.8 dB for both 3.75kHz and 15kHz according to the simulation results. Implementation margin for high MCS of NB-IoT can also reuse 2.5dB in LTE.

Table 7.2.2-1 FRC parameters for dynamic range for NB-IoT
	Reference channel
	A13-2
	A13-1

	Sub carrier spacing (kHz)
	3.75 
	15

	Number of tone 
	1
	1

	Modulation
	π/4 QPSK
	π/4 QPSK

	IMCS / ITBS
	7 / 7
	7 / 7

	Payload size (bits) 
	104
	104

	Allocated resource units
	1
	1

	Transport block CRC (bits) 
	24
	24

	Coding rate (target)
	2/3
	2/3

	Coding Rate
	0.67
	0.67

	Code block CRC size (bits)
	0
	0

	Number of code blocks – C
	1
	1

	Total symbols per resource unit
	96
	96

	Total number of bits per resource unit
	192
	192

	Tx time (ms)
	32
	8


Then dynamic range requirement for NB-IoT is specified in Table 7.2.2-2.
Table 7.2.2-2: Wide Area BS dynamic range
	Reference measurement channel
	Wanted signal mean power [dBm]
	Interfering signal mean power [dBm] / BWChannel
	Type of interfering signal

	FRC A13-1 
	 -99.7
	-96
	AWGN

	FRC A13-2
	-105.6
	-96
	AWGN


For in-band and guard band operation, wanted signal power should still use the value in Table 7.2.2-2. The interfering signal AWGN bandwidth in LTE requirements needs to be extended from current Transmission bandwidth configuration (
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) to channel bandwidth (
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) to cover the guard band operation.
7.2.3 In-channel selectivity

In-channel selectivity (ICS) is a measure of the receiver ability to receive a wanted signal at its assigned resource block locations in the presence of an interfering signal received at a larger power spectral density. The interfering signal can reuse LTE requirement of 16QAM E-UTRA signal.

For in-band operation only, ICS requirement is specified. Same Pinf as LTE requirement can be reused.
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Same FRC and SNR as REFSENS can be reused.


Interfering signal is placed in one side of the Fc, while the NB-IoT PRB is placed on the other side, at its middle. The wanted NB-IoT tone is placed at the centre of this NB-IoT PRB.
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Figure 7.2.3-1 Signal allocation example for 10 MHz CBW
7.2.4 ACS/Blocking
Co-existence simulations are performed between NB-IoT and GSM/UMTS/LTE systems. These simulation results in [2] can be the reference to define ACS/blocking requirements.

ACS/ In-band blocking definition for standalone operation is summarized in Table 7.2.4-1. The interfering signal type for ACS can be 200 kHz NB-IoT signal. Wide ACS interfering signal like LTE and UMTS has no need to be defined because narrow ACS interfering signal is enough according to co-existence simulation. Blocker signal can reuse that in LTE and MSR requirements. Wanted signal desensitivity for ACS and In-band blocking requirements are +19.5dB and +6dB respectively.

Table 7.2.4-1 ACS/Blocking requirement for standalone operation

	Wanted signal 
	Interfering signal 
	ACS/Interfering signal level 
	frequency offset between RF bandwidth edge and interfering signal center frequency 
	Wanted signal desensitivity 
	Note 

	Standalone NB-IoT in 36.104 
	200kHz NB-IoT 
	-52dBm
	+/-100kHz 
	+19.5  dB 
	ACS 

	
	5MHz LTE 
	-43 dBm 
	+/-7.5MHz
	+6  dB 
	In-band blocking

	Standalone NB-IoT in 37.104
	5M  UTRA 
	-40 dBm 
	+/- 7.5 MHz
	+6  dB 
	In-band blocking


For in-band and guard band operation, ACS/Blocking interfering signal level can reuse that in existing LTE requirement and MSR requirement. NB-IoT interfering signal could be unnecessary to be defined because co-existence simulation is already approved it will be durable for LTE carrier. The desensitivity for ACS and in-band blocking requirement is still  +6dB. The desensitivity for guard band operation is 10 dB, 8 dB, 6 dB and 6 dB for 5 MHz, 10 MHz, 15 MHz  and 20 MHz channel bandwidth respectively.
For standalone operation, MSR narrow band blocking interfering signal level and frequency offset can be reused, i.e. 3 MHz LTE is always considered as interferer. Wanted signal desensitivity for narrow band blocking requirement is +12dB.

For in band and guard band operation, interfering signal level and frequency offset can reuse that in existing LTE requirement and MSR requirement. Wanted signal desensitivitty is summarized in Table 7.2.4-2.

Table 7.2.4-2 Narrow band blocking for in band and guard band operation
	　
	LTE BW
	Desens in 36.104
	Desens in 37.104

	In Band
	1.4
	11
	11

	
	3
	11
	11

	
	5
	8
	9

	
	10
	6
	6

	
	15
	6
	6

	
	20
	6
	6

	Guard band
	5
	11
	13

	
	10
	6
	6

	
	15
	6
	6

	
	20
	6
	6


For out of band blocking, it is proposed to use a continuous wave signal as interferer. The mean power of interfering signal should be -15 dBm.
Additional blocking requirements for co-location with other base stations in LTE and MSR specification can be reused for NB-IoT standalone and in-band/guard band operation.
7.2.5 Receiver spurious emission

Existing RX spurious emission requirement comes from the regulation, so it can be reused for NB-IoT in both 36.104 and 37.104.
7.2.6Receiver intermodulation
Text will be added
8
Study of UE requirements

8.1
Transmitter characteristics
8.1.1
Agreements

· At least Maximum output power classes 3 (23 dBm) is specified for NB-IOT.
· Also power class 5 (20dBm) is specified for NB-IoT .
· Frequency error is specified to be ±0.1 PPM observed over a period of one time slot compared to the carrier frequency received from the NB-IOT BS
· NB-IOT UE to UE co-ex clause refers back to E-UTRA requirement
· Occupied bandwidth shall be less than NB-IOT channel bandwidth i.e. 200 kHz
· Follows the decision on NB-IOT channel bndwidth discussion
· E-UTRA General ON/OFF time mask can be re-used for NB-IOT
· E-UTRA QPSK EVM requirement 17.5% can be re-used for multitone Unrotated QPSK NB-IOT
8.1.2 
EVM

8.1.2.1
Single tone rotated pi/4 QPSK EVM
EVM for single tone rotated pi/4 QPSK and multi tone unrotated QPSK should be the same because noise margin in both constellations is the same, see Figure below.
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8.1.2.2
Single tone rotated pi/2 BPSK EVM

In theory EVM requirement for rotated pi/2 BPSK could be 3 dB higher compared to pi/4 QPSK if all relevant transmitter assumptios are same. See Figure 1 where BPSK and QPSK nose margins are compared.
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Figure 1: QPSK vs. BPSK EVM difference

However RAN4 has already defined EVM for BPSK, see Table 6.5.2.1.1-1 in TS 36.101 which can be reused for NB-IOT.

Table 6.5.2.1.1-1 in TS 36.101: Minimum requirements for Error Vector Magnitude
	Parameter
	Unit
	Average EVM Level
	Reference Signal EVM Level

	QPSK or BPSK
	%
	17.5
	17.5

	16QAM 
	%
	12.5
	12.5

	64QAM 
	%
	8
	8


Single tone rotated pi/2 BPSK EVM requirement is 17.5 %.
8.1.3 Minimum and OFF power

8.1.3.1
Fully allocated channel case

Minimum power case: 

Tx power for near UE at eNodeB input = -40 dBm (200 kHz) – 70 dB = -110 dBm (200 kHz)

Conclusion: No issue as no other UE is transmitting.

Agreement: NB-IoT Minimum output power requirement for full channel is -40 dBm (200 kHz)
OFF power case: 

Tx power from near user at eNodeB input = -50 dBm (200 kHz) – 70 dB = -120 dBm (200 kHz)

Tx power from single user from extreme coverage: 23 dBm – 164 dB = -141dBm (15 kHz)

As for extreme coverage case far UE is transmitting only 1 tone this means that we need to scale near UE OFF power to same bandwidth thus -120 - 10*log(1/12) = -130.8 dBm (15 kHz)

Near user OFF power leakage at eNodeB input is 10.2 dB higher than transmission power of far user for single tone bandwidth. However this power corresponds to noise density of -50dBm/200k -10*log10 (200k) ( -123dBm/Hz -70dB ( -173dBm/Hz which is rougly the thermal noise floor and can be seen as acceptable noise level.

Multiple users and OFF power:

There can be very large quantities of NB-IoT UE’s in the cell without transmissions and those must at minimum fulfill the OFF power requirement. These powers are summing up and create a noise floor that interferes eNodeB reception. However, vast majoarity of UE’s is experiencing much greater pathloss than minimum coupling loss. Also NB-IoT UE’s spend most of time in some kind of sleep mode to save battery and during that time there cannot be in practice any transmission leakage at UE antenna port as othervise NB-IoT would consume its battery far too quickly. Based on these reason  – 50 dBm / 200 kHz can be used as a full channel OFF power requirement.
Agreement: NB-IoT OFF power requirement for full channel is -50 dBm (200 kHz)
8.1.3.2
Single tone case

In this case it is assumed that Min (-40 dBm) and OFF (-50 dBm) power requirements are still defined for the channel so for single tone case, the power is all concentrate on one tone: 
Min power – 40 dBm per tone

OFF power – 50 dBm per tone
Minimum power case: 
Tx power from near user at eNodeB input = -40 dBm (15 kHz)  – 70 dB = -110 dBm (15 kHz)

Tx power from far user (single tone transmission) from extreme coverage: 23 dBm – 164 dB =-141dBm (15 kHz)

Near user single tone power is 31 dB more than far user single tone power at eNodeB input however tones are on different positions. Assuming 0.1*2 ppm frequency difference, the leakage from one tone to the adjacent tone is about 37 dB. It means the far user SIR=-141-(-110-37) = 6dB, the demodulation SNR threshold for far user at 20 dB coverage extension is typical in the order of -12 dB which means there is large margin to demod the far user.
Agreement: NB-IoT Minimum output power requirement is -40 dBm over 200 kHz channel bandwidth.
OFF power case: 

In OFF power case UE is not transmitting thus it is not necessary to define single tone OFF power requirement in addition to full channel requirement.

Agreement: Single tone NB- IoT OFF power requirement is not necessary
8.1.4 Spectrum emission mask and spurious emission domain boundary

Boundary between out-of-band domain and spurious emission domain was discussed in RAN4#78. Out-of-band domain is the frequency range, immediately outside the necessary bandwidth but excluding the spurious domain, in which out-of-band emissions generally predominate. Spurious emission domain is the frequency range beyond the out-of-band domain in which spurious emissions generally predominate.

It was agreed in RAN4#78bis for NB-IoT that the boundary between out-of-band domain and spurious emission domain for NB-IoT UE is specified as FOOB = 1.7 MHz.  The spurious emission limits apply for the frequency ranges that are more than FOOB  from the edge of the NB-IoT channel bandwidth. Spurious emission limits are given in ITU recommendation ITU-R M.1581 and are captured in Table 8.1.4-1

Table 8.1.4-1: Spurious emissions limits 

	Frequency Range
	Maximum Level
	Measurement bandwidth


	9 kHz ( f < 150 kHz
	-36 dBm
	1 kHz 

	150 kHz ( f < 30 MHz
	-36 dBm
	10 kHz 

	30 MHz ( f < 1000 MHz
	-36 dBm
	100 kHz

	1 GHz ( f < 12.75 GHz
	-30 dBm
	1 MHz

	12.75 GHz ≤ f < 5th harmonic of the upper frequency edge of the UL operating band in GHz
	-30 dBm
	1 MHz


For the out-of-band domain the Spectrum emission mask requirement was discussed in. It was agreed in RAN4#78bis that the Spectrum emission mask for NB-IoT UE is as defined in Table 8.1.4-1.

Table 8.1.4-1: NB-IOT SEM 
	ΔfOOB (kHz)
	Emission limit (dBm)
	Measurement bandwidth

	( 0
	26
	30 kHz 

	( 100
	-5
	30 kHz

	( 150
	-8
	30 kHz

	( 300
	-29
	30 kHz

	( 500-1700
	-35
	30 kHz


8.1.5
NB-IoT UE ACLR

NB-IoT UE ACLR requirement was discussed in RAN4#78bis based on the co-existance simulations done in RAN4. It was agreed to define a ACLR requirement to protect GSM systems and that 100 kHz guard band between NB-IoT and GSM will be defined for ACLR requirement as this was the assumption in co-existense simulations, see Table 6.2-1 in TR 36.802. 
It was also agreed to define ALCR requirement for the first adjacent UTRA channel to protect UTRA systems.

Based on standalone co-ex simulations it was agreed not to define E-UTRA ACLR requirement as UTRA ACLR requirement is more stringent and guarantees protection for E-UTRA systems. In consequence, although E-UTRA requirement is not proposed to be defined, UTRA ACLR requirement is meant to cover both the protection of UTRA and E-UTRA and specifications need to reflect this decision.

It was agreed in RAN4#78bis to define NB-IoT GSM and UTRA ACLR requirements as defined Table 8.1.5-1 below

Table 8.1.5-1: Agreement for NB-IoT ACLR requriements.

	Victim system
	GSM
	UTRA

	ACLR
	20 dB
	37 dB

	Adjacent channel
measurement bandwidth
	180 kHz
	3.84 MHz

	Measurement filter
	Rectangular
	RRC-filter α=0.22

	Adjacent channel
 center frequency offset
from NB-IoT Channel edge
	±200 kHz
	±2.5 MHz


8.1.6
A-MPR

The following bands shall be considered with high priority for defining any RAN4 band specific requirement within Release 13
· Bands 1, 2, 3, 5, 8, 12, 13, 17, 18, 19, 20, 26, 28, 66.
Based on simulation on most difficult cases i.e. band 13 and 26 it was concluded that no A-MPR is needed for NB-IoT bands shall be considered with high priority within Release 13.

	Band
	Additional requirement
	E-UTRA
A-MPR
	NB-IoT
A-MPR
	Comments

	1
	6.6.3.3.1
	Yes
	No
	PHS protection. NB-Iot does not need A-MPR 
due to 4.3 MHz separation.

	2, 66
	6.6.2.2.1
	Yes
	No
	For E-UTRA allocation size that is allowed to have A-MPR needs to be Clrb=5 at minimum hence NB-IoT does not need A-MPR. 

	3
	N/A
	No
	No
	No additional requiremetns or A-MPR for E-UTRA

	5
	N/A
	No
	No
	No additional requiremetns or A-MPR for E-UTRA

	8
	N/A
	No
	No
	No additional requiremetns or A-MPR for E-UTRA

	12
	6.6.2.2.3
	No
	No
	Additional requirement is for FCC SEM. 
NB-IoT does not need A-MPR to meet it.

	13
	6.6.2.2.3
	No
	No
	Additional requirement is for FCC SEM. 
NB-IoT does not need A-MPR to meet it.

	
	6.6.3.3.2
	Yes
	No
	 PS protection. Separation of 2 MHz is sufficient.

	17
	6.6.2.2.3
	No
	No
	Additional requirement is for FCC SEM. 
NB-IoT does not need A-MPR to meet it.

	19
	6.6.3.3.3
	No
	No
	Additional requirement is for FCC SEM. 
NB-IoT does not need A-MPR to meet it.

	20
	N/A
	Yes
	No
	A-MPR for E-UTRA is for avoiding self-inrference. 
Not needed for NB-IoT as Tx IMD does not reach own Rx

	26
	6.6.3.3.5
	Yes
	No
	 PS protection. Separation of 500 kHz is sufficient.

	
	6.6.3.3.6
	Yes
	No 
	Easier than 6.6.3.3.5

	
	6.6.3.3.7
	Yes
	 No
	Easier than 6.6.3.3.5

	
	6.6.3.3.8
	Yes
	No
	 PS protection. Separation 2 MHz. Easier than 6.6.3.3.2.

	28
	6.6.3.3.10
	No
	No
	Japanese TV pretection. NB-Iot does not need A-MPR 
due to 8 MHz separation.

	
	6.6.3.3.11
	Yes
	No
	General TV pretection. NB-Iot does not need A-MPR 
due to 9 MHz separation.


8.1.7
EVM equalizer spectrum flatness

Spectrum flatness and EVM are important requirements from eNodeB receiver point of view as those determine the quality of the signal it has to be able to receive. ENodeB reveiver however can compensate quite big amplitude variations in UE signal using equalization. (Note that fast fading can cause much more severe ripple to received spectrunm that UE itself). As the eNodeB can compensate amplitude ripple quite effectively the EVM requirement is specified such way that amplitude ripple is removed by the measurement equipment prior EVM measurement. There are however some limits how much amplitude ripple is allowed to be compensated before EVM measurement, if those limits are exceed then UE fails spectrum flatness test event it passes the EVM test. Limits for spectrum flatness are presented in Table below and these requirements are over the transmitted channel (max 20 MHz), allowing more ripple when transmitted channel is at bands edges.

Table 8-1.7-1: Minimum requirements for EVM equalizer spectrum flatness (normal conditions)

	Frequency range
	Maximum ripple [dB]

	FUL_Meas – FUL_Low ≥ 3 MHz and FUL_High – FUL_Meas ≥ 3 MHz 

(Range 1)
	4 (p-p)

	FUL_Meas – FUL_Low < 3 MHz or FUL_High – FUL_Meas < 3 MHz 

(Range 2)
	8 (p-p)

	NOTE 1:
FUL_Meas refers to the sub-carrier frequency for which the equalizer coefficient is evaluated

NOTE 2:
FUL_Low and FUL_High refer to each E-UTRA frequency band specified in Table 5.5-1


For LTE the requirement must consider that widest transmitted channel is 20 MHz i.e. 1200 subcarriers now in case of NB.IoT maximum anount of subcarriers is 12. As the transmission bandwidth is very small for NB-IoT it seem that current E-UTRA requiremet is not appropriate for NB-IoT. Therefore, we need to investigate the source of spectrum flatness flunctuations for E-UTRA and then relect those phenomenans to NB-IoT.

For E-UTRA the main contributor to spectrum flatness was identified to be the duplex-filter. When looking duplex-filter data sheets for example for band 1 we can see that the ripple is not more than 1 dB over the whole 60 MHz band. For more difficult bands like band 3 or 8 the specified filter ripple is more. It is not only the ripple of SAW filter that is presented in data sheets that determine the actual flatness as for example mathing of duplex-filter has also effect on flatness. Furthermore for E-UTRA the front-ends are faily complex for-example due to CA and all this affects flatness and justifies the E-UTRA flatness requirement as it is. But when reflecting the previous discussion to NB-IoT we can note that

1. Tx filtering is far more relaxed for NB-IoT compared to E-UTRA

2. For easy E-UTRA band the duplex-filter riplle over 60 MHz bandwidth was 1 dB in ETC and NB-IoT bandwith is 12 tones which is 1 RB

3. NB-IoT does not have complex front-end and especially no CA for NB-IoT

Taking all the above into consideration we propose followring

Proposal: No EVM equalizer spectrum flatness requirement is specified for NB-IoT
8.1.8
Transmit intermodulation

8.1.8.1
E-UTRA requirement background
How to set the Tx intermodulation for E-UTRA was discussed in RAN4#48bis [R4-082324] and a CR was agreed in RAN4#49 [R4-082822]. From [R4-082324] we can see that Tx intermodulation testing is not that straight forward with the offsets defined for the requirements as the intermodulation product and ACLR are overlapping. From Table 8.1.8.1-1 taken from [R4-082324] we can see that the actual inherent Tx intermodulation requiremetnt for first adjacent channel is -35 dBc and for the second adjacent -45 dBc but because the measurement results in real test contains combined powers of Tx intermodulation and ACLR the allowed measured results are more than the Tx intermodulation inherent requirement. 

Table 8.1.8.1-1 Tx intermodulation level and ACLR [2]

	ACLR
	-33
	-36
	-43
	dBc

	Tx IM [inherent]
	-35
	-45
	-45
	dBc

	Tx IM [measured]
	-30.9
	-35.5
	-40.9
	dBc


The UTRA ACLR1 requirement used in [R4-082324] was changed in actual CR [R4-082324] to the E-UTRA ACLR requirement of 30 dBc, which resulted the final requirements to be -29 and -35 dBc.

The origin of inherent Tx IM requirement is ARIB specifications prior 1999 [TSGR4#1(99) 009], which was input to 3GPP. Unfortunately the justification for the inherent requirements has been lost long time ago to the mist of Japan… 

Next we try to reverse engineer the reasons for how the requirement is set. If we consider the scenario in Figure 8.8.X-1 where Transmitting UE and interfering UE belong to operator A NW and are located in adjacent channels with 1 m separation and both are transmitting at same power. We can see that this corresponds very well to TX IM requirement with smaller interfering offset as the smaller offset corresponds to adjacent channel interferer. Further more interferer power of 40 dBc corresponds to approximately 1 m UE separation (1). Now the TX IM (2) from transmitting UE impacts to frequency range of possible operator B Victim UE. As the interfering UE has OOB emissions i.e. ACLR(3) anyways which interferes victim UE on operator B NW it is not necessary to define TX IM to be more stringent than UE ACLR 1. From Table 8.1.X.1-1 we can see that inherent IM requirement is only 2 dB more stringent that ALCR requirement. 

If we look the TX IM case with larger offset we can see that ACLR 2 and inherent TX IM requirement are not anymore well mathed but it is our understanding that original ARIB ACLR requirement [TSGR4#1(99) 009] was 45 dB for ACLR 2 so the mathing is perfect. Also note that original ARIB ACLR1 requirement was 35 dB [TSGR4#1(99) 009] again with perfect macth with inherent Tx IM requirement.
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Figure 8.1.X.1-1: TX IM

Summary the origin of 3GPP TX IM came from ARIB. TX IM and ACLR requirements were same. ACLR1 requirement equals the TX IM requirement with smaller offset. ACLR2 requirement equals the TX IM requirement with larger offset.

8.1.8.2
NB-IoT Tx intermodulation requirement

NB-IoT GSM ACLR has been agreed to be 20 dB. GSM ACLR correspondes to ACLR 1 used in previouos chapter. This means that TX IM requirement with smaller offset should not be more stringent than 20 dB with interfering offset of 200 kHz. Y = 20 dBc and X = 0.2 MHz. RAN4 has not specified NB-IoT ACLR requirement which would correspond to ACLR2 directly but from agreed SEM we can conclude that ACLR2 may not be more than 39 dB thus Z=39 dB.

If RAN4 agrees interferer offsets as 200 kHz and 400 kHz then test cases would look like in Figure below.
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Figure 8.1.8.2-1: NB-IoT Tx IMD

If the NB-IoT Tx IMD test would be done such way that NB-IoT channel is fully allocated then as can be seen from Figure NB-IoT UE own ACLR has major impact to measurement result. Actually if RAN4 follows the original approach used in ARIB inherent TX IM and ACLR would have same requirement value hence the measured TX IM and the TX IM requirement would be 3 dB more compared to inherent TX IM. Thus Y = 17 dB and Z = 36 dB.
Another way is to use smaller allocation similarly as for E-UTRA for the UL allocation for the UE under tesst. In figure below we present a case there the NB-IoT is transmitting a single tone only and as can be observed ACLR interference to measurement result is not a problem due to narrow NB-IoT signal bandwidth (15 kHz). Seleting the the Nb-IoT transmission to be single tone also means that the Tx IMD requirement can be set to be the same for single tone only capable UE’s and multitone capable UE’s. NB-IoT tone position should be set to the middle of the Channel i.e. tone positions 5 or 6.

In RAN4 NB-IoT Ad-Hoc it was decided that to take into account in-band scenario the interferer offsets should be 180 kHz and 360 kHz.
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Figure 8.2.X.1-3: single tone test case

Wrapping up the discussion above NB-IoT TX IM discussion the requirement parameters are listed in Table below.

Table 8.2.X.1-1: NB-IoT TX IM requirement
	BW Channel (UL)
	15 kHz ( 1 tone)

	Interference Signal Frequency Offset
	180 kHz
	360 kHz

	Interference CW Signal Level
	-40dBc

	Intermodulation Product 
	-20 dBc
	-39 dBc

	Measurement bandwidth
	180 kHz
	180 kHz


8.1.9
Relative power control
RAN1 has agreed following power control formula for NB-IoT

· PNPUSCH,c(i)=min{PCMAX,c(i), 10log10(MNPUSCH,c(i))+PO_NPUSCH,c+ αc(j) PLc+fc(i)}

RAN1 has agree that there is no power adjustment parameter in DCI, i.e. fc(i)=0 which mean that there is no need for relative power control requirement for NPUSCH.

However for NPRACH RAN1 has agreed power step values.

· Value set of powerRampingStep is the same as LTE: {0, 2, 4, 6} dB
Hence the relative power control requirement should be defined only for NPRACH and power steps of 2, 4, 6 dB.

As a basis for NPRACH we take a llok LTE PRACH relative power tolerance requirement

Table 1: LTE PRACH requirement

	Power step P (Up or down) 

 [dB]
	PRACH [dB]

	ΔP < 2
	±2.5

	2 ≤ ΔP < 3
	±3.0

	3 ≤ ΔP < 4
	±3.5

	4 ≤ ΔP ≤ 10
	±4.0

	10 ≤ ΔP < 15
	±5.0

	15 ≤ ΔP
	±6.0


However as LTE UL and NB-IOT UL transmisions are very different we take a look what were the assumptions behind the numbers in Table 1. When LTE power control was discussed there were number of differences that were taken into account when comparing to WCDMA [1]

1. Minimum power control accuracy is ± 0.5 dB even when there is no power change between sub-frames

2. LTE UL power control accuracy requirements are relaxed ± 1.5 dB compared to WCDMA because of duplex filter ripple

3. In extreme conditions the power control accuracy requirement is relaxed ± 2.0 dB compared to normal conditions

4. LTE UL power control accuracy requirements are relaxed ± 0.5 dB compared to WCDMA because of transmission time gaps. 

Following requirement was discussed in RAN4#79 as a compromice between UE complexity and system performance

Proposal 1: NPRACH relative power tolerance is specified as

	Power step P 

 [dB]
	NPRACH [dB]

	ΔP = 0
	±1.5

	ΔP = 2
	±2.0

	ΔP = 4
	±3.5

	ΔP = 6
	±4.0


Proposal 2:  For ETC conditions additional ± 2.0 dB error is allowed for NPRACH.
8.2
Receiver characteristics
8.2.1
Agreements from NB-IoT Ad-Hoc

· Receiver spurious emissions: reuse the existing requirements
8.2.2 Maximum input level

The maximum basestation output power for NB-IOT is same than what is defined for E-UTRA. Also the E-UTRA minimum coupling loss between UE and basestation as defined in TR36.942 i.e 70 dB will be re-used for NB-IOT. Therefore the maximum input level at NB-IoT UE input can be specifid to be the same as for E-UTRA i.e. – 25 dBm.
8.2.3 ACS

8.2.3.1 Outcome of NB-IoT standalone co-ex simulations

NB-IoT Stand-alone co-existance simulation campaing concluded the work with ACS results presented in Table 8.2.3.1-1

Table 8.2.3.1-1: ACS values

	Victim 
	Agressor
	Required
ACS
	Agressor BW
	Victim BW

	NB-IoT
	GSM
	30 dB
	200 kHz
	200 kHz

	
	UTRA
	30 dB
	5 MHz
	

	
	E-UTRA
	35 dB
	10 MHz
	


8.2.3.2 ACS test background

In this clause we recapture how E-UTRA REL-8 ACS requirements were defined.

In ACS test the the UE selectivity needs to be such that interferer may not create more noise to wanted signal channel than the thrermal noise creates in REFSENS test otherwise UE will fail the ACS test. In other words ACS value is the minimum attenuation needed in the receiver selectivity filter for UE to pass the ACS test. 

To convert ACS requirement value to interferer power (PInterferer ) we need to know what is the required SNR for wanted signal. 

ACS = PInterferer - Pwanted + SNR
For E-UTRA it was agreed that for the receiver test signal the ideal SNR = -1 dB and 2.5 dB implementation margin is used on top of that. This leads to SNR = +1.5 dB, i.e. the noise floor must be 1.5 dB below the wanted signal. Wanted signal power (Pwanted ) must be such that the thermal noise floor does not affect the test, for E-UTRA it was agreed that wanted signal level is set 14 dB above REFSENS.


[image: image19]
Figure 1: Signals in ACS test.


[image: image20]
Figure 2: SNR in REFSENS test without diversity gain.

8.2.3.3 
Potential ACS test cases

Based on the background information presented in previous chapter and ACS values from NB-IoT stand-alone co-ex simulations we can derive potential ACS test cases for NB-IoT, see Figure 8.2.3.3-1.

For GSM ACS case we have assumed that there will be a 100 kHz guard band between NB-IoT and GSM carriers as this was assumption in co-existense simulations, see Table 6.2-1 in TR 36.802. Furthermore if GSM carrier is at the edge in MSR BS block then extra 100 kHz offset is added before MSR BS emission requirement starts thus no performance is guaranteed from 3GPP requirements within this 100 kHz.

For E-UTRA ACS case it might be beneficial to adopt 5 MHz interferer instad of the 10 MHz interferer used in co-ex simulations. This is due to the fact that currect E-UTRA test cases are based on 5 MHz carriers and this could give some benefits for test system development. 
UTRA ACS requirement may not be needed as E-UTRA ACS requirement is more stringent with similar aggressor bandwidth. Therefore we proposed not to define UTRA ACS requirement to recude the testing burden.
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Figure 8.2.3.3-1: NB-IoB ACS test cases for GSM and E-UTRA

ACS test needs to be performed on two different power levels to fully test the dynamic behaviour of the receiver. ACS case 1 (Figure 8.2.3.3-1) is low/medium received power level test and ACS 2 test is for high received input power test

Possible parameters for GSM and E-UTRA ACS requirements are presented in Table 8.2.3.3-1.

Table 8.2.3.3-1: NB-IoT ACS requirement parameters

	ACS1 test Parameters

	Interferer
	GSM (GMSK)
	E-UTRA

	NB-IoT signal power

(Pwanted  ) / dBm
	REFSENS + 14 dB

	interferer signal power 

(PInterferer ) / dBm 
	REFSENS + 44 dB – SNR
	REFSENS + 49 dB – SNR

	Interferer bandwidth
	200 kHz
	5 MHz

	Interferer offset from NB-IoT channel edge
	±200 kHz
	±2.5 MHz

	ACS2 test Parameters

	Interferer
	GSM (GMSK)
	E-UTRA

	NB-IoT signal power

(Pwanted  ) / dBm
	-25 dBm -30 dB + SNR
	-25 dBm -35 dB + SNR

	interferer signal power 

(PInterferer ) / dBm 
	-25 dBm

	Interferer bandwidth
	200 kHz
	5 MHz

	Interferer offset from NB-IoT chanel edge
	±200 kHz
	±2.5 MHz


8.2.4
In-band blocking

In previous meeting it has been discussed that NB-IoT blocking requirements should be based on deployment scenarios and also there has been discussion to relax some NB-IoT bloking requirements compared to E-UTRA requirements to allow omitting the SAW filter. In-band blocking performance is not affected by SAW filter as interferers are in-band thus decision on bloking requirements can be based on likely deployment scenario. Therefore as NB-IoT operates on same operating bands as E-UTRA it is propsed to adopt same in-band blocker levels as for E-UTRA (and UTRA). Wanted signal level in bloking tests is typically set higher than REFSENS to allow some performance degradation in presence of blockers. It is proposed to define NB-IoT signal level to be 6 dB higher than NB-IoT REFSENS.

Table 8.2.4-1: NB-IoT IBB test parameters

	IBB1 test Parameters

	NB-IoT signal power

(Pwanted  ) / dBm
	REFSENS + 6 dB

	Interferer
	E-UTRA

	interferer signal power 

(PInterferer ) / dBm 
	- 56 dBm

	Interferer bandwidth
	5 MHz

	Interferer offset from NB-IoT chanel edge
	±7.5 MHz+0.0075

	IBB2 test Parameters

	NB-IoT signal power

(Pwanted  ) / dBm
	REFSENS + 6 dB

	Interferer
	E-UTRA

	interferer signal power 

(PInterferer ) / dBm 
	- 44 dBm

	Interferer bandwidth
	5 MHz

	Interferer offset range from NB-IoT chanel edge
	From +12.5 MHz + 0.0075 to FDL_high + 15

and

From -12.5 MH z- 0.0075 to FDL_high - 15




8.2.5
NB-IoT receiver intermodulation
For UTRA and E-UTRA the intermodulation requirement is very similar. In both cases on of the interferers is CW and the other one is modulated carrier. Both CW and modulated carrier power levels are – 46 dBm. For 5 MHz E-UTRA and UTRA CW offset is 10 MHz and modulated carrier offset is 20 MHz.

The interferer power levels – 46 dBm comes from ARIB specifiactions [TSGW4#2(99)038] and has been used for both UTRA and E-UTRA. These interferer powers and the concept that other interferer is CW and the other modulated carrier should be re-used for NB-IoT. The modulated carrier could be selected as 1.4 MHz E-UTRA and following E-UTRA intermodulation specification the offsets are CW = ±BW/2 ±2.1 = ±0.1 ±2.1 MHz and E-UTRA = 2 x (±0.1 ±2.1) MHz.

Thus we have following proposal for NB-IoT Intemodulation requirement parameters.l

Proposal 1: Agree NB-IoT Intemodulation requirement parameters in Table 1

Table 8.2.5-1: NB-IoT intermodulation requirement parameters

	NB-IoT Signal power
	REFSENS + 6 dB

	CW interferer signal power
	- 46 dBm

	1.4 MHz E-UTRA interferer signal power
	- 46 dBm

	CW interferer offset
	± 2.2 MHz

	1.4 MHz E-UTRA interferer
	± 4.4 MHz


8.2.6
Narrowband blocking

Narrowband blocking was introduced in E-UTRA specification allow e.g. E-UTRA and GSM coexistence in adjacent operator allocations. For E-UTRA the requirement is defined as follows

Table 7.6.3.1-1 of TS 36.101: Narrow-band blocking

	Parameter
	Unit
	Channel Bandwidth

	
	
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	Pw
	dBm
	PREFSENS + channel-bandwidth specific value below

	
	
	22
	18
	16
	13
	14
	16

	Puw (CW)
	dBm
	-55
	-55
	-55
	-55
	-55
	-55

	Fuw (offset for

f = 15 kHz)
	MHz
	0.9075
	1.7025
	2.7075
	5.2125
	7.7025
	10.2075

	Fuw (offset for

f = 7.5 kHz)
	MHz
	
	
	
	
	
	

	NOTE 1:
The transmitter shall be set a 4 dB below PCMAX_L at the minimum uplink configuration specified in Table 7.3.1-2 with PCMAX_L as defined in subclause 6.2.5.

NOTE 2:
Reference measurement channel is specified in Annex A.3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1. 


If E-UTRA narrowband blocking requirement is applied to NB-IoT the wanted signal level offset needs bandwidth conversion 22 dB + 10LOG(1.4/0.2) = 30.5 dB. If we assume that NB-IoT REFSENS will around -110 dBm we can calculate that blocker has -55 dBm – (-110 dBm + 30 dB) = 25 dB higher power than NB-IoT signal.

If we compare this 25 dB higher CW blocker to already agreed NB-IoT GSM ACS requirement where the GSM signal has 30 dB higher power than NB-IoT we can note that ACS requirement is more stringent. Also can be noted that ACS is tested on two different power levels so that case 1 is in lower power than NB blocking test and ACS case 2 is test on higher power level than NB blocking thus ACS test fully convers the NB blocking test in terms of UE dynamic range. NB blocking interferer is placed 207.5 kHz from victim channel edge and this frequency point is within ACS test GSM interferer channel bandwidth therefore there is no gap in frequeancy domain either when considering how ACS test fulfils the purpose of the NB blocking requirement. Finally we conclude that defining NB-IoT narrowband blocking requirement would not give any new information on NB-IoT UE performance on top of already agreed ACS requirement.

Proposal: Narrowband blocking requirement is not defined for NB-IoT UE.
8.2.7
Receiver spurious emissions

NB-IoT UE needs to fullfill receiver spurious emission requirement as specified in section 7.9 in TS 36.101. As section 4.3A stated that UE needs to meet the general requirements in addition to additional requirements there is no need to have dedicated clasue for NB-IoT UE.

*** ****************TS 36.101************************

4.3A
Applicability of minimum requirements (CA, UL-MIMO, ProSe, Dual Connectivity, UE category 0, UE category M1)

The requirements in clauses 5, 6 and 7 which are specific to CA, UL-MIMO, ProSe, Dual Connectivity,   UE category 0, and UE category M1 are specified as suffix A, B, C, D, E where; 

a)
Suffix A additional requirements need to support CA

b)
Suffix B additional requirements need to support UL-MIMO

c)
Suffix C additional requirements need to support Dual Connectivity

d)
Suffix D additional requirements need to support ProSe

e)
Suffix E additional requirements need to support UE category 0 and category M1
A terminal which supports the above features needs to meet both the general requirements and the additional requirement applicable to the additional subclause (suffix A, B, C, D and E) in clauses 5, 6 and 7. Where there is a difference in requirement between the general requirements and the additional subclause requirements (suffix A, B, C, D, and E) in clauses 5, 6 and 7, the tighter requirements are applicable unless stated otherwise in the additional subclause.
*** ****************TS 36.101************************

Proposa: Standard receiver spurious emission requirement in section 7.9 in TS 36.101 applies also for NB-IoT UE hence no need to have dedicated clause for NB-IoT.
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QPSK vs. BPSK EVM difference = 20* LOG(SQR(½) / 1) = - 3 dB
EVM(BPSK) = sqrt(2) * 17.5% = 24.75%. 
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