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Introduction
[bookmark: bmR4-ah-31967--2016-01-20][bookmark: bmR4-78--2016-02-15]In 3GPPRAN4#78 bis REFSENS for NB IOT was a discussed in several contributions [3], [4], [5] and [6] and a WF was approved [1].  In [1] the following agreement was made according to the definitions of Option 2 below: 
· Option 2 shall be used in deriving REFSENS for NB IOT 
Option 1
Re-use the existing (legacy) REFSENS table and apply the same relaxation for single RX as was agreed for cat 0. Then there would be a scaling from the 5MHz value of 10log10(1RB/25RB) = -14dB. The assumption in this case is that the same SNR for NB IOT as for legacy LTE applies. There is also a band-dependant factor in legacy LTE whose relevance needs to be discussed since only half duplex is considered.
Option 2
The alternative method would be to start all over: determine required SNR (e.g. by simulation), estimate the noise figure for the receiver, and agree on an adequate implementation and production margin. The noise figure of the receiver need to be calculated in antenna connector and may have some frequency dependence (e.g. above/below 1GHz or something). Probably there has to be an agreement on possible reference architectures (SAW filter, SAW-less or maybe both) in order to do the NF calculation. 

Moreover, the following was left to decide in the RAN4 #78-NB-IoT meeting:
· Agree on the following parameters:
· NF for the NB IOT receiver [7 – 9 dB] including
· extreme temperature
· [N1/f  term TBD,  dB] 
· IM  for the NB-IOT receiver [2.5] dB
· Band dependent additional filter loss for difficult bands R∆IL [0 – 1.5dB]
· The default value of this factor is 0. Application of non-zero factor for some bands is FFS 
· Repetitions will be addressed in the specs. Decision how to implement the specs will be addressed during the NB-IoT adhoc meeting according following options:
· Including repetition in the REFSENS spec
· Defining a new REFSENS with repetitions in addition to REFSENS with no repetitions
· Including repetition in an additional demodulation test and REFSENS is tested only without repetitions
· Agree on SNR from simulations according to simulation parameters on next page (please see [1]).
· Companies are encouraged to contribute on the above including SNR simulations.

The above parameters refer to the following equation for REFSENS:

where	
-174dBm/Hz	Noise floor at room temperature in a 50Ω load
B		Operating bandwidth in Hz
NF		Noise figure in dB of the receiver  at antenna connector at extreme temperature
N1/f  		Additional 1/f noise around the DC (flicker noise) in dB 
IM		Implementation margin in dB
R∆IL		Band dependent additional filter loss for difficult bands in dB              
SNR		Required Signal to Noise Ratio in baseband in dB

In this contribution we will elaborate further on REFSENS for NB IOT according to the WF in [1]. Repetitions have not been considered in this contribution.
Discussion
Operating BW B
NB-IOT in downlink BW = 180kHz = 52.6dB/Hz
Reference architecture
The NB IOT devices will be used in a large variety of applications with different requirements such as cost, current consumption, coverage and blocking environment. Our position is  not to mandate any specific RF architecture in order to allow flexibility of implementing NB-IOT devices with different tradeoffs between the above requirements.
Noise Figure NF
It was proposed in [1] to use a NF in the range of [7 – 9 dB] including extreme temperature. Even though the noise figure was considered depending on the receiver architectures (SAW or SAW-less), it was pointed out by several companies in the discussion during RAN4 #78bis that the difference in NF between SAW and SAW-less is not significant. A SAW-less architecture has less IL in front of the LNA input but on the other hand need higher linearity in the LNA and consequently will have higher NF in the ASIC. A general UE (i.e. handset) ASIC NF could be in the range of 3.0 – 4.0dB while for low cost and low power NB IOT devices more realistic NF is 3.5 – 4.5dB , where the higher numbers could admit less front-end (FE) filtering and correspondingly less FE IL, estimated in the range of 2.5 – 3.5dB. The above based on room temperature. In addition an estimate of about 1dB NF increase due to high temperature effect is made.  
According to the above we propose a total NF = 8dB. (As comparison, in legacy LTE a NF = 9dB is used with some exceptions).  
Proposal 1	NF=8dB including extreme temperature
Implementation margin IM
An IM of [2.5dB] was proposed and agreed in [1]. This is the same as used in Legacy LTE but lower than proposed in [6]. The IM should also account for production variations. 
Proposal 2	IM=2.5dB
Band dependent relaxation R∆IL
R∆IL is proposed in [1] in the range [0 – 1.5dB]. It can be used for a few “complicated” bands: 
· Bands with higher fractional passband leading to higher loss in the SAW filters (if used in the NB-IOT design), for example B28 and B66 
· Bands at the edge of LB and MB sub-ranges where we expect higher loss in LC filters (for SAW-less NB-IOT designs)

Proposal 3	Use R∆IL relaxation for "complicated" frequency bands as in Table 1: 
[bookmark: _Ref449549978]Table 1. R∆IL relaxation for "complicated" frequency bands
	 Band
	R∆IL
	Relaxation reason

	3
	0.5dB
	Higher loss in LC filter 

	8
	0.5dB
	Higher loss in LC filter

	28
	1.0dB
	Higher loss in SAW

	66
	0.5dB
	Higher Loss in SAW or LC filter



Flicker noise N1/f
[bookmark: _GoBack]It was decided in [1] that the flicker 1/f noise need to be studied further. This noise is a low frequency noise around DC, especially tangible in zero-IF narrow-band (GSM-like) receivers. It is dependent on the IC process and transistor sizes resulting in different 1/f corner frequencies. To our estimations based on measurements, the total noise increase due to 1/f noise in a typical CMOS receiver (zero-IF, 180kHz) is about 1dB. 
Proposal 4	N1/f   = 1dB
Signal to Noise Ratio SNR
SNR is the UE required SNR (in dB) to meet the 95% of maximum throughput or 5% BLER under reference measurement channel (RMC). For legacy LTE SNR= -4dB is used for deriving REFSENS and is based on 2 RX ports where the same power, as specified in Table 7.3.1-1 in TS 36.101, is applied at each port. In case of 1 RX the SNR was assumed -1dB without any further investigation (cat 0 and cat M1). Regarding NB IOT we cannot assume the same SNR since there is relatively lower payload size and the usage of TBCC instead of turbo coding as in legacy LTE. Simulation assumptions are listed in Table 2 for standalone case as was agreed in [1]. The link level simulation to show BLER versus required SNR is depicted in Figure 1. We consider practical channel estimation for the demodulation purpose as it will reflect REFSENS conducted conformance test even though the channel is AWGN. The NB-IoT reference symbols (NB-RS) is very few, thus it will affect the performance of channel estimation. In the simulation results shown in Figure 1, we also do not consider a cross sub-frames channel estimation. 
According to the simulations, the BLER of 5% can be obtained at SNR=2.0dB for standalone operation. 
Proposal 5	SNR=2.0dB to be used for NB IOT REFSENS calculation

[bookmark: _Ref447186196]Figure 1. BLER versus SNR for NB IOT with practical channel estimation, stand alone operation.
[image: cid:image001.png@01D19F0B.CE164E40]
[bookmark: _Ref447191807]Table 2 . Simulation assumptions standalone case
	Parameter
	Unit
	Standalone Case

	Channel bandwidth
	kHz
	200

	Antenna configuration
	
	SISO

	Allocated resource blocks
	
	1

	Subcarriers per resource block
	
	12

	Allocated subframes per Radio Frame
	
	10

	Channel Coding
	
	TBCC

	Modulation
	
	QPSK

	Target Coding Rate
	
	1/3

	Maximum number of HARQ transmissions
	
	1

	Information Bit Payload per Sub-Frame
	
	88

	Transport block CRC
	Bits
	24

	Number of Code Blocks per Sub-Frame
	
	1

	Binary Channel Bits Per Sub-Frame
	
	320

	Number of NB-RS ports
	
	1

	Number of NB-PDSCH repetitions
	
	No repetitions

	Channel estimation
	
	Practical

	Channel
	
	AWGN

	Frequency error
	
	None

	Timing error
	
	None

	Power boosting
	
	N/A


REFSENS proposal
Table 3 shows REFSENS NB IOT Stand-Alone case where the above estimations are used for the agreed NB IOT bands [2]

[bookmark: _Ref447213466]Table 3. Reference sensitivity for HD-FDD NB-IOT PREFSENS 
	E-UTRA Band
	REFSENS NB IOT 
Stand-Alone [dBm]
	Duplex Mode

	1
	 [-108]
	HD-FDD

	2
	 [-108]
	HD-FDD

	3
	 [-107.5]
	HD-FDD

	5
	 [-108]
	HD-FDD

	8
	 [-107.5]
	HD-FDD

	12
	 [-108]
	HD-FDD

	13
	 [-108]
	HD-FDD

	17
	 [-108]
	HD-FDD

	18
	 [-108]
	HD-FDD

	19
	 [-108]
	HD-FDD

	20
	 [-108]
	HD-FDD

	26
	 [-108]
	HD-FDD

	28
	[-107]
	HD-FDD

	66
	 [-107.5]
	HD-FDD




Conclusion
In this contribution we have calculated REFSENS for NB IOT according WF [1] as agreed in RAN4 # 78bis and we have the following proposals:
Proposal 1	NF=8dB including extreme temperature
Proposal 2	IM=2.5dB
Proposal 3	 Use R∆IL relaxation for "complicated" frequency bands as in the following table 
	 Band
	R∆IL
	Relaxation reason

	3
	0.5dB
	Higher loss in LC filter 

	8
	0.5dB
	Higher loss in LC filter

	28
	1.0dB
	Higher loss in SAW

	66
	0.5dB
	Higher Loss in SAW or LC filter



Proposal 4	N1/f   = 1dB
Proposal 5	SNR=2.0dB to be used for NB IOT REFSENS calculation
Proposal 6 	NB-IOT REFSENS according to the following table 
	E-UTRA Band
	REFSENS NB IOT 
Stand-Alone [dBm]
	Duplex Mode

	1
	 [-108]
	HD-FDD

	2
	 [-108]
	HD-FDD

	3
	 [-107.5]
	HD-FDD

	5
	 [-108]
	HD-FDD

	8
	 [-107.5]
	HD-FDD

	12
	 [-108]
	HD-FDD

	13
	 [-108]
	HD-FDD

	17
	 [-108]
	HD-FDD

	18
	 [-108]
	HD-FDD

	19
	 [-108]
	HD-FDD

	20
	 [-108]
	HD-FDD

	26
	 [-108]
	HD-FDD

	28
	[-107]
	HD-FDD

	66
	 [-107.5]
	HD-FDD
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