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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
<Text will be added>
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

	Channel bandwidth BWChannel [kHz]
	200
	FFS
	FFS (BS)

200 (UE)

	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
Channel spacing for standalone NB-IOT is 200 kHz. In and guard band cases are FFS. Channel raster for in, guard and standalone NB-IOT is 100 kHz.
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
<Text will be added>
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
<Text will be added>
7.1.1 General

7.1.2 Base station output power

Base station output power specifies some power related definitions, BS class and the tolerance for BS maximum output power relative to the declared power. There are in addition a regional requirement for what powers that can be declared and three single-RAT requirements.
For NB-IoT BS, BS class definition and maximum output power tolerance should reuse LTE BS requirement regardless of which operation modes the NB-IoT base station is apply. 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. This 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 the ratio of power of NB-IoT carrier which occupies an RB of LTE carrier in-band or 180kHz in guard band compare with the average power over all other LTE RBs including NB-IoT PRB. Minimum requirements of NB-IoT carrier power boosting is +6dB. In Rel-13, only one RB is allowed to be boosted 6dB for both in-band and guard band cases, and in case of guard band operation it should be placed adjacent to the LTE RB edge as close as possible.
This new requirement should be introduced in both TS 36.104 and TS 37.104.
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, if SFBC is agreed to be used for 2DL antenna ports in RAN1, time alignment error requirement for MIMO or 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 RS power

FFS

7.2
Receiver characteristics
<Text will be added>
8
Study of UE requirements

8.1
Transmitter characteristics
8.1.1
Agreements from NB-IoT Ad-Hoc

· At least Maximum output power classes 3 (23 dBm) is specified for NB-IOT.
· Power class 5 can be discussed in the next meeting.
· 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 requiremetns are scaled from fully allocated channel to be 

Min power – 50.8 dBm per tone

OFF power – 60.8 dBm per tone
Minimum power case: 

Tx power from near user at eNodeB input = -50.8 dBm (15 kHz)  – 70 dB = -120.8 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 20.2 dB more than far user single tone power at eNodeB input however tones are on different positions.

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
8.2
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.
<Text will be added>
9
Other requirements

9.1
RRM requirements
<Text will be added>
9.2
Performance requirements

<Text will be added>
10
Test specification
<Text will be added>
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