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1. Introduction

Rx blocking is one of the important requirements for the 600 MHz band due to the possibility of high power broadcast TV in adjacent channels.  This contribution provides discussion and a text proposal to capture UE Rx blocking requirements to enable operation in markets where broadcast TV is present in Channel 36 or below.  General out-of-band blocking requirements also apply.
2. Reference
<<< Start of TP for TR 36.755 >>>
7.1.2.2 
In-band blocking
Rx blocking interference from broadcast TV sources was studied previously in the context of Band 17 and MediaFLO as the interferer.  An additional in-band Rx blocking requirement was imposed on Band 17 as shown below.

	E-UTRA band
	Parameter
	 Unit
	Case 1
	Case 2
	Case 3
	Case 4

	
	 PInterferer
	 dBm
	-56
	-44
	-30
	 -30

	
	FInterferer (offset)
	MHz
	=-BW/2 – FIoffset,case 1
&

=+BW/2 + FIoffset,case 1
	≤-BW/2 – FIoffset,case 2
&

≥+BW/2 + FIoffset,case 2
	-BW/2 – 15

&

-BW/2 – 9
	-BW/2 – 10

	1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 13, 14, 18, 19, 20, 21, 22, 23,

25, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43
	FInterferer
	MHz
	(Note 2)
	FDL_low – 15

to

FDL_high + 15
	
	

	12
	FInterferer
	MHz
	(Note 2)
	FDL_low – 10

to

FDL_high + 15
	
	FDL_low – 10



	17
	FInterferer
	MHz
	(Note 2)
	FDL_low – 9

to

FDL_high + 15
	FDL_low – 15

and

FDL_low – 9
	

	NOTE 1:
For certain bands, the unwanted modulated interfering signal may not fall inside the UE receive band, but within the first 15 MHz below or above the UE receive band 

NOTE 2:
For each carrier frequency the requirement is valid for two frequencies: 

a. the carrier frequency -BW/2 - FIoffset, case 1 and

b. the carrier frequency +BW/2 + FIoffset, case 1
NOTE 3:
FInterferer range values for unwanted modulated interfering signal are interferer center frequencies 

NOTE 4:
Case 3 and Case 4 only apply to assigned UE channel bandwidth of 5 MHz 


The case 3 blocker was defined to be -30 dBm to account for the Tx power of the TV broadcaster as well as the propogation loss to the UE receiver.  The wanted signal power level is set at 6 to 9 dB above reference sensitivity and the blocker is defined as a 5 MHz LTE signal.  The Tx power of the TV broadcaster for MediaFLO is 50 kW and the separation from edge to edge is 12 MHz and 6 MHz between Band 17 downlink and 700 MHz blocks D and E, respectively.  The propogation loss was predicted based on models and drive tests including data provided in [R4-100430].  It was concluded that with high probability, the Rx power level at the UE antenna should be -30 dBm or lower.  Thus, the Rx blocker level was defined to be -30 dBm.

For the 600 MHz band, a similar situation exists with TV broadcast in adjacent channels.  However, one significant difference is that power of the TV broadcast at 600 MHz is up to 1 MW.  Assuming a similar propogation loss in 600 MHz compared to 700 MHz, the power level reaching the UE receiver is 13 dB higher for 600 MHz band compared to Band 17.  However, considering that the propogation is slightly better at 600 MHz than 700 MHz, the maximum Rx power with high probability is 15 dBm higher, resulting in an Rx blocker level of -15 dBm. 
In FCC R&O 14-50, the television signal strength received by the UE is estimated at -23 dBm.  This derivation is based on a received power level of -15 dBm coupled with a UE Rx antenna gain of -8 dBi.  However, the 3GPP specifications also account for the case where the antenna gain may be as high as 0 dBi for different types of devices, for example, fixed or nomadic.  In 36.101, it is stated that a reference antenna with a gain of 0 dBi is assumed for each antenna port.  Taking this into account, the received power level is then also -15 dBm, consistent with the proposal here.
For the US 600 MHz band plan, the closest broadcast TV is located on Channel 36.  The upper edge of Channel 36 is 608 MHz while the lower edge of the 600 MHz band is 617 MHz; thus, there exists a 9 MHz guard band.  The separation from the lower band edge of the 600 MHz band to the center frequency of Channel 36 is 12 MHz.  

Table 7.1.2.2-1: In-band blocking

	E-UTRA band
	Parameter
	Unit
	Case 1
	Case 2
	Case 3
	Case 4
	Case 5

	
	PInterferer
	dBm
	-56
	-44
	-15
	Void
	-38

	
	FInterferer (offset)
	MHz
	=-BW/2 – FIoffset,case 1
&

=+BW/2 + FIoffset,case 1
	≤-BW/2 – FIoffset,case 2
&

≥+BW/2 + FIoffset,case 2
	
	
	-BW/2 - 11

	1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 17, 18, 19, 20, 21, 22, 23,

25, 26, 27, 28, 31, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 65, 66, 68, 70
	FInterferer
	MHz
	(NOTE 2)
	FDL_low – 15

to

FDL_high + 15
	
	
	

	71
	
	
	
	FDL_low – 12 to FDL_high + 15
	FDL-low - 12
	
	

	30
	FInterferer
	MHz
	(NOTE 2)
	FDL_low – 15

to

FDL_high + 15
	
	
	FDL_low – 11

	NOTE 1:
For certain bands, the unwanted modulated interfering signal may not fall inside the UE receive band, but within the first 15 MHz below or above the UE receive band 

NOTE 2:
For each carrier frequency the requirement is valid for two frequencies: 

a. the carrier frequency -BW/2 - FIoffset, case 1 and

b. the carrier frequency +BW/2 + FIoffset, case 1
NOTE 3:
FInterferer range values for unwanted modulated interfering signal are interferer center frequencies 


While the above describes the necessary condition for the UE to withstand TV blocking interference, the feasibility of the UE to meet such requirement should also be considered.  It is expected that the Rx filter in the duplexer will be required to provide rejection of the TV blocker.  Given that the normal requirement at 12 MHz offset from the band edge is -44 dBm, there is a 29 dB difference to overcome by the filter, assuming that the normal requirement can be met without filter assistance.  
Filter simulation data is shown below.  Filter vendor “B” was able to provide Rx attenuation in Channel 36 of 30 dB while vendor “A” was only able to provide 14 dB.  Moreover, vendor “A” was only able to provide 39 dB Tx isolation under typical conditions; therefore, this filter is not usable for this band without further improvement.  Filter vendor C attenuation over Channel 36 frequencies are shown in the figure below.  At the upper edge of Channel 36 at 608 MHz, it can be seen that the Rx filter attenuation is approximately 40 dB under typical conditions.  Thus, it is expected that under worst case conditions including manufacturing margin and temperature drift, an attenuation of at least 29 dB can be met.  Thus, the feedback from two filter vendors is that the necessary attenuation can be met in the Rx filter to support a blocking requirement of -15 dBm from Channel 36.
Table 7.1.2.2-2.  Simulation results for the US 600 MHz band plan
	Vendor
	pass-band 
	Tx IL  (typ.)
	Rx IL (typ.)
	Rx Iso (typ.)
	Tx Iso (typ.)
	RX Att @CH36

	A
	35 MHz
	3.4
	2.3
	65
	39
	14

	B
	35 MHz
	3 (max)
	2.6 (max)
	55 (min)
	55 (min)
	30 (min)

	C
	35 MHz
	3.0 (max)
	3.6 (max)
	50 (min)
	55 (min)
	See below


[image: image1.emf]
7.1.2.3 
Out-of-band blocking

For out-of-band blocking, the standard requirements apply to Band 71 as well.
Table 7.6.2.1-2: Out of band blocking

	E-UTRA band
	Parameter
	Units 
	Frequency 

	
	
	
	Range 1
	Range 2
	Range 3
	Range 4

	
	PInterferer
	dBm
	-44
	-30
	-15
	-15

	1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 30, 31, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42 (NOTE 2), 43 (NOTE 2), 44, 45, 48 (NOTE 2), 65, 66, 68, 70, 71
	FInterferer (CW)
	MHz
	FDL_low -15 to

FDL_low -60 
	FDL_low -60 to

FDL_low -85 
	FDL_low -85 to 

1 MHz
	-

	
	
	
	FDL_high +15 to

FDL_high + 60 
	FDL_high +60 to

FDL_high +85 
	FDL_high +85 to

+12750 MHz
	-

	2, 5, 12, 17
	FInterferer
	MHz
	-
	-
	-
	FUL_low - FUL_high
(NOTE 5)

	NOTE 1:
For the UE which supports both Band 11 and Band 21 the out of blocking is FFS. 

NOTE 2:
The power level of the interferer (PInterferer) for Range 3 shall be modified to -20 dBm for FInterferer > 2800 MHz and FInterferer < 4400 MHz.

NOTE 3:
For the UE that supports both Band 4 and Band 66, the out-of-blocking frequency range for Band 4 is defined relative to FDL_low and FDL_high of Band 66.

NOTE 4:
For a UE supporting CA_20A-28A the requirements for Band 20 and Band 28 apply with FDL_low  given by the lower limit of the restricted operating frequency range in Band 28 and FDL_high  by Band 20 (Table 5.5A-2).

NOTE 5:
Range 4 requirement does not apply to category M1.


<<< End of TP >>>
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