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Introduction

This contribution is presented by Tekmar in order to raise a discussion on the micro BS in FDD mode specification. In [3] it is proposed to set the reference sensitivity level of the micro FDD BS to -111 dBm at a reference measurement rate of 12,2 kbps with BER ≤ 0.001. This is a relaxation of 10 dB compared to the macro BS specification [1]. Taking into account that the in-band blocking of the micro BS is proposed to be set equal to -23 dBm [2], that is 17 dB higher than the in-band blocking of the macro BS [1], the new set of  parameters requires better dynamic range and may impact the complexity of the micro BS architecture and consequently the its cost of the equipment.

Discussion

In [1] are defined the requirements of the macro BS; specifically

-
in-band blocking is set to -40 dBm with the wanted signal level 6 dB above the sensitivity,

-
the reference sensitivity level is set to -121 dBm (@ 12,2 kbps, BER = 0,001),

-
the intermodulation is set 8 dB lower than the in-band blocking at -48 dBm (CW @ 10 MHz offset + WCDMA @ 20 MHz offset). 

The specifications of the micro BS [2] are calculated, starting from the macro specs, by decreasing the MCL from 70 to 53 dB, and then linearly shifting the requirements of the macro by 70 – 53 = 17 dB. In [2] the in-band blocking and the intermodulation test levels of the micro BS are proposed to be 17 dB higher than the figures of the macro, respectively at -23 dBm and -31 dBm. According to this principle the sensitivity level  would be at -104 dBm. But in [3] the reference sensitivity level of the micro BS is proposed to be set 10 dB higher than the sensitivity of the macro, specifically  at -111 dBm. We have the concern that if the specs of the micro BS are approved as they are now, then the micro BS may become more complex and the costs of their equipment could increase. These values set a larger dynamic range requirement for the micro BS than for the macro BS receiver, with potential cost implications.
The simulations contained in [3] showed that, if the micro BS have an antenna gain of 11 dBi, the sensitivity could be set to -105 dBm, but assuming that also antennas with 5 dBi gain could be used, in order not to disturb interfere with the macro layer BS, the sensitivity should be decreased by 6 dB to -111dBm. In [3] no change to the in-band blocking and the intermodulation are proposed due to the change of the antenna gain. We think that also these two figures should be revisited, because the change in the antenna gain affects both of them as well. 

Therefore  

if the sensitivity is set to -111 dBm, 

then the in-band blocking should be set to -29 dBm and the intermodulation test level to -37 dBm.

If the in-band blocking and intermodulation are not changed instead maintained, two possible ways of avoiding the increase of the complexity of the micro BS are

· A) the differential between the in-band blocking and the sensitivity could be kept unchanged from the macro BS one:

micro BS in-band blocking = (-40 dBm –17 dB) = -23 dBm, 
micro BS reference sensitivity level = (-121 dBm + 17 dB) = -104 dBm

or,
· B) the offset of the wanted signal level from the reference sensitivity level could be increased proportionally to the change of distance between sensitivity and blocking: 

given the following scenario

MACRO: in band blocking – sensitivity = -40 – (-121) = 81
dB

MICRO: in band blocking – sensitivity  = -23 – (-111) = 88
dB

MICRO – MACRO in band blocking – sensitivity differential= 7
dB

Then 

Wanted signal level offset for in-band blocking test from reference sensitivity level [dBm]  + 6 dB+ 7 dB= -111 dBm+ 6 dB + 7 dB= -98 dBm

In the next two paragraphs the rationale of the above considerations is explained.

Considerations about the Spurious Free Dynamic Range and the Intermodulation

Let us consider the Third Order Spurious Free Dynamic Range (SFDR), that is defined as

SFDRdB = (2/3) * (IP3IN – TN - FdB) 
dBm/Hz2/3






(1)

Where

IP3IN is the intercept point of the 3rd order at the receiver

TN = is the thermal noise 
[dBm / Hz]

FdB  is the noise figure of the RX. 

The IP3IN is defined as

IP3IN = PINTERF  + (PINTERF – IM3dBm) / 2








(2)

Where 

PINTERF is the power of the interfering signal 

IM3dBm is the intermodulation of the third order

The level of the IM3 is calculated considering that the specification of the dynamic range of the macro BS [1] says that the RX is able to demodulate the wanted signal in presence of a AWGN level 18 dB higher (measured on 3,84 MHz). Therefore if

Wanted signal level = sensitivity + 6 dB

Then

Intermodulation = wanted signal level + 18 dB = sensitivity + 24 dB 

Let us consider now a macro BS scenario:

Assuming that 

FdB = 6 dB, 

the interfering signal is -48 
dBm, 

the sensitivity is -121 
dBm

the wanted signal level is -115 
dBm, 

the intermodulation is -115 + 18 = - 97 
dBm

IP3IN = -48 + (-48 – (97))/2 = -23,5 
dBm

And 

SFDR = (2/3) * (-23,5 + 174 -6) = 96,3 
dB / Hz2/3

In a micro BS scenario with the current proposal of specs

Let us suppose that FdB = Fmacro + relaxation of sensitivity = 6 + 10 = 16 dB

the interfering signal is -31 
dBm, 

the sensitivity is -111 
dBm

the wanted signal level is -105 
dBm, 

the intermodulation level is -105 + 18 = - 87 
dBm







(3)

So

IP3IN > -31 + (-31 – (-87))/2 = -3 
dBm

Then

SFDRdB = (2/3) * ( -3 – (-174) -16)= 103 
dB / Hz2/3 
for the micro BS

Again we see that there is an increase of the SFDR in the micro case, that may potentially lead to higher equipment costs for the BS receivers.

Interference from uncoordinated UE

Let us now consider an uncoordinated class 4 UE [4] that is transmitting at full power in the proximity of a micro BS. We consider a class 4 UE in order to obtain results that are consistent with the simulations of [3], and with the assumptions of table 1 of [2].  The reference specification for the general spurious emissions requirements of the FDD UE [4] states that 

General spurious emissions requirements

	Frequency Bandwidth
	Measurement Bandwidth
	Minimum requirement

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

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

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

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


The spurious emissions in the band of the RX of the BS are -30 dBm/1 MHz, or -24 dBm measured on 3,84 MHz. The UE has a Pout = +21 dBm, then its spurious emissions in dBc are 21 – (-24) = 45 dBc. 

If we suppose that the signal transmitted by the uncoordinated UE causes intermodulation in the band of the RX of the micro BS, then, considering the current micro BS specifications, that state that the interferer level can be -31 dBm, its spurious emissions level at the RX will be – 31 – 45 = -76 dBm. These spurious emissions are 11 dB higher than the max level of the intermodulation, calculated in (3) equal to -87 dBm. Therefore in this scenario the intermodulation level of -87 dBm cannot be seen by the RX of the micro BS receiver, because the spurious emissions level of from the interferer is an order of magnitude higher than the intermodulation.

Conclusions

This document has been presented in order to raise a discussion on the micro BS specification, with the aim of avoiding any potential cost increase because of increasing complexity. We agree with the approach that all parameters are defined based on the MCL of 53 dB, but in this paper it is stressed that this approach should also be used to calculate the reference sensitivity level, which should be set to -104 dBm. If an antenna gain of 5 dBi is considered, the sensitivity level requirement should be hardened by 6 dB to -111 dB, but it is stressed that, accordingly, the in-band blocking and the intermodulation test levels should be relaxed by 6 dB, to respectively -29 dbm and – 37 dBm.
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