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Introduction
A Study Item for Indoor Positioning Enhancements for UTRA and LTE was approved at RAN Plenary #64, which includes evaluation of RAT independent positioning technologies, including Terrestrial Beacon Systems (TBS) [1].  At RAN1#78bis, a work plan was presented for information [2].  The objectives for completion in RAN4#75 include studying coexistence issues if applicable for any identified positioning scheme.  

At RAN4 #75 in Fukuoka, in R4-153509 [3] OOBE from MBS (TBS Option 2) beacons into 3GPP bands was discussed and a TP proposed in R4-153510 [4]. During the meeting it was suggested that blocking also needed to be addressed as part of the coexistence analysis [5]. In this document potential blocking of 3GPP DL bands from the MBS beacons is discussed.  
Discussion 

Blocking is an aspect of coexistence that was requested to be addressed at RAN4 #75 [5]. In this document three different approaches to the analysis of downlink blocking will be discussed: 1) MBS Beacons compared to LTE DL-DL blocking, 2) MBs DL Blocking analysis considering UE duplex filters, 3) Real world UE blocker test results for the 1900 MHz band.
MBS beacons compared to 3GPP DL-DL coexistence

MBS beacon transmitters are being deployed in a manner similar to macro base stations in urban areas in the US, primarily on towers and on the roof of buildings. The ERP for an MBS beacon in the US licensed M-LMS band is 30 watt peak. With a  peak to average ratio of around 2 dB for the MBS DS modulated signal, the maximum power limit is just under 43 dBm ERP, or 45 dBm EIRP. 
With a typical 5 dBi antenna used in urban areas, the MBS transmitter power at the antenna connector is 40 dBm. An LTE base station is limited to 43 dBm for 5 MHz and narrower carriers and 46 dBm for 10 MHz and wider carriers at the antenna connector. A 2 or 5 MHz MBS beacon will have 3 dB lower transmit power at the antenna connector than the maximum 5 MHz LTE BS.  
DL-DL blocking is normally not raised as a concern for new 3GPP bands that are close to, adjacent to or overlap with existing 3GPP DL bands. Examples of 3GPP DL bands that are adjacent to, close to or overlapping other 3GPP DL bands that are deployed in the same region are: 
· Band 4/Band 10

· Band 12/Band13

· Band 17/Band 13

· Band 12/Band 17

· Band 13/Band14 

· Band 5/Band 26

· Band 26/Band 27

· Band 27/Band5

· Band 18/Band 19

· Band 20/Band 8

· Band 29/Band 12
For example, at RAN4 #75 a TP for coexistence for the new AWS-3 Band (Band [66]) was approved, even though blocking was not mentioned [6]. The Band [66] downlink is a superset of Band 4 and of Band 10, so legacy Band 4 UEs will have to deal with BS blockers from 0 to 25 MHz above the top edge of the Band 4 downlink, yet blocking is apparently not a concern. Comparatively, an MBS beacon signal 25 MHz above the top edge of the nearest 3GPP DL band should not be a concern either, especially since it will have lower power and significantly lower EIRP than an LTE base station. A 5 MHz Band [66] DL could have 43 dBm Tx power with up to 17 dBi antenna for 60 dBm of EIRP. An MBS beacon, by contrast, is limited to 45 dBm of EIRP. If transmitter power is considered without antenna gain, the MBS transmitter will use 40 dBm of transmit power vs. 43 dBm of Tx power for a 5 MHz Band [66] BS.  

Observation 1: MBS Beacon transmit power and EIRP are lower than the maximum LTE wide area BS transmit power and EIRP, and DL-DL coexistence is widely accepted as a non-issue. 

In light of this, downlink blocking should not be a concern for MBS beacons. However, DL blocking analysis will be included here for the sake of completeness.

MBS Out-of-Band Blocking requirements and analysis
Since the US license M-LMS band lies 25.75 MHz above the nearest 3GPP band, the out-of-band blocking requirements are considered here. The out-of-band blocking requirements for an LTE UE can be found in Table 7.6.2.1-1 and 7.6.2.1-2 of 36.101 [7]. The tables are copied here for reference.
Table 7.6.2.1-1: Out-of-band blocking parameters

	Rx Parameter
	Units 
	Channel bandwidth

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

	Power in Transmission Bandwidth Configuration
	dBm
	REFSENS + channel bandwidth specific value below

	
	
	6
	6
	6
	6
	7
	9

	NOTE 1:
The transmitter shall be set to 4dB 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.


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, 43, 44
	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 1:
For the UE which supports both Band 11 and Band 21 the out of blocking is FFS.


As can be seen in Table 7.6.2.1-2, -44 dBm is the minimum required blocker level for a signal 15 to 60 MHz above the upper edge of the band. While out-of-band blocking is specified for a CW interferer, we will use the same power level for a modulated blocker since the MBS beacon transmits a modulated signal. 
In 36.942 [8], Minimum Coupling Loss (MCL), the parameter describing the minimum loss in signal between BS and UE in the worst case, is defined as “the minimum distance loss including antenna gains measured between antenna connectors.”  For urban areas, 70 dB MCL is used [8].   With 40 dBm of transmit power and 70 dB of MCL, the maximum received signal at the UE antenna port is -30 dBm as shown in Figure 1.


[image: image1]

Since the UE blocking spec is -15 dBm for signals that are 85 MHz above or below the band edge, US M-LMS band MBS blocking is not a problem for any bands deployed in the US other than Band 5 or Band 26. For Band 5 and Band 26, the blocker lies in Range 1, where the -30 dBm blocker exceeds the -44 dBm blocking spec by 14 dB so there would appear to be a blocking issue, at least on paper.

Now, if we consider the UE in-band blocking requirements as seen in Table 7.6.1.1-2 from 36.101 [7], it can be seen that the in-band blocking requirement for Case 2 from FDL_low-15 to FDL_high+15, is -44 dBm, the same as the out-of-band blocking requirement. The one difference being that the in-band blocker is modulated and the out-of-band blocker is CW while the in-band blocker is modulated. Table 7.6.1.1-2 is provided here for reference. 

Table 7.6.1.1-2: In-band blocking

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

	
	PInterferer
	dBm
	-56
	-44
	Void
	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
	FInterferer
	MHz
	(Note 2)
	FDL_low – 15

to

FDL_high + 15
	
	
	

	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 


MBS Out-of-Band Blocking analysis with UE Duplex Filters

Since a Band 5 or Band 26 UE will have a duplex filter in its front end, the receive filter characteristics of the UE filter should be considered. Some example duplex filter Rx Characteristics can be seen in Figure 2.
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As can be seen in this collection of Band 5 duplex filters, there looks to be at least 25 dB of typical attenuation in 919.75 to 927.75 MHz. TDK filter B8626 specifies a minimum of 10 dB of attenuation in 909-920 MHz and 25 dB of Rx attenuation in 920-979 MHz [13]. A linear interpolation of this gives 24.7 dB of attenuation at the lower edge of the M-LMS band edge of 919.75 MHz.  
An example filter for duplex filter for Band 26 was documented in Figure 5.2.3.2.1-2 of TR 37.806 [9]. The figure is presented here: 
 SHAPE  \* MERGEFORMAT 
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As can be seen in Figure 3, the Rx attenuation in the region of the US licensed MLMS band is greater than 40 dB for this filter as can be seen in the upper red plot which are for shown in units of 10dB/division.
In summary, the typical Band 5 and Band 26 UE duplex filters appear to provide at least 24 dB of Rx attenuation for signals in the US licensed M-LMS band. Since a Band 5 or Band 26 UE will be able to meet the in-band blocking requirement of -44 dBm for a modulated signal, they should be able to operate without degradation with a blocker that is 24 dB stronger (-20 dBm) in 919.75-927.75 MHz. 
Observation 2: A Band 5 or Band 26 UE that can meet the in-band blocking requirement of -44 dBm should have 10 dB of margin to handle a -30 dBm MBS beacon blocker given the duplex filter will provide at least 24 dB of attenuation in the M-LMS band.

MBS Out-of-Band Blocking analysis based on 1900MHz band UE measurements

During the development of Band 23, UE-UE coexistence was studied because the Band 23 uplink is close to the 1900 band downlink. Although this was a case of UE-UE (UL→DL) blocking, the study is relevant here because testing showed that typical UEs perform much better in the presence of a blocker 20 MHz away than the minimum blocking specifications require. 

For the Band 23/1900 MHz testing, a Band 23 UE UL simulator was the blocking aggressor and the victims were GSM1900, CDMA1900, UMTS Band V, and LTE Band 5 UEs. The test methodology is described in R4-110480 [10] and the test results were presented in R4-112261 [11] with results captured in Band 23 TR 36.811 [12]. Like the 1900 MHz band in the US, the 850 MHz band has been used for GSM, CDMA, UMTS and now LTE.

The Band 23 blocker tests were performed for various offsets from the edge of the victim band. Since the licensed M-LMS band is 25.75 MHz above the upper edge of Band 5 and Band 26 the analysis here will focus on the results with the blocker 20 MHz above the victim band.  The blocking performance for 1900 MHz band devices with the blocker 20 MHz above the upper edge of the band can be found in Figure 4 for GSM1900, Figure 5 for WDCMA Band II, Figure 6 for CDMA2000 and Figure 7 for LTE Band 2. 
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Wanted signal:

Blocking signal: LTE Band 23 Generator signal

PCS 1900

  RB #max (= L_CRB=1.  RB_Start=MAX) 

** Interferer signal blocking level criteria is that BER shall not exceed 0.02 for the parameters used in the test case

*** Actual sensitivity level without blocker (for reference)
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*RB#0 (= L_CRB=1.  RB_Start=0). 


Figure 4 Blocker results for GSM1900 with 20 MHz blocker offset
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** Interferer signal blocking level criteria is that BER shall not exceed 0.001 for the parameters used in the test case [2]
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Figure 5 Blocking results for WDCMA Band II with 20 MHz blocker offset
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Figure 6 CDMA2000 victim with 20 MHz blocker offset
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Figure 7 LTE Band 2 victim with 20 MHz blocker offset
As can be seen in these results, the GSM1900 UEs could tolerate a blocker of at least -10 dBm; the WCDMA UEs could tolerate a blocker of at least -7 dBm; the CDMA2000 UEs could tolerate a blocker of at least 6 dBm; and the LTE UE could tolerate a blocker of at least 1.1 dBm. Although the actual results varied by device and technology, this shows that in every case tested, the UE could handle a blocker of at least -10 dBm 20 MHz above the edge of the band. This is 5 dB better than the blocker level that is specified for a LTE UE blocker 85 MHz above the band edge. These UEs could handle a -30 dBm blocker 25.75 MHz above the upper edge of the band with 20 dB of margin.  
Since the tested 1900 MHz UEs can function in the presence of a -10 dBm blocker 20 MHz above the upper edge of the band, it can be inferred that 850 band devices could tolerate a -30 dBm MBS blocker 25.75 MHz above the upper edge of the band. The 1900 and 850 bands have similar bandwidth to center frequency ratios, but the M-LMS band is farther from the 850 MHz bands than the 20 MHz offset tested for the 1900 MHz bands.

Observation 3: 1900 MHz band testing in R4-112261 [11] showed that UEs can handle DL blockers of at a minimum -10 dBm 20 MHz above the upper edge of the band. This is 20 dB higher than the -30 dBm blocker level calculated for an MBS Beacon.   
Summary
Three different approaches have been taken to study the impact of an MBS beacon blocker on 3GPP UEs: 1) comparing an MBS beacon with a 3GPP downlink, 2) examining UE duplex filter characteristics to estimate blocking performance with a blocker in the M-LMS band compared to an in-band blocker, and 3) examining blocker testing data that was done for 1900 MHz devices. With each approach it has been shown that there is sufficient margin for an MBS beacon signal with 70 dB of MCL. 

Observation 1: MBS Beacon transmit power and EIRP will be lower than the maximum LTE wide area BS transmit power and EIRP, and DL-DL coexistence is widely accepted as a non-issue.

Observation 2: A Band 5 or Band 26 UE that can meet the in-band blocking requirement of -44 dBm should have 10 dB of margin to handle a -30 dBm MBS beacon blocker given the duplex filter will provide at least 24 dB of attenuation in the M-LMS band.

Observation 3: 1900 MHz band testing in R4-112261 [11]showed that UEs can handle blockers of at a minimum of -10 dBm 20 MHz above the upper edge of the band. This is 20 dB higher than the -30 dBm blocker level calculated for an MBS Beacon.

This contribution shows that an MBS beacon transmitter will result in lower blocking levels for LTE or legacy UEs than adjacent 3GPP downlink bands, where DL-DL coexistence is widely accepted. Also, MBS beacon to Band 5 or Band 26 DL blocking is not an issue if realistic blocking assumptions based on 850 band duplexer filter Rx characteristics or analysis based on 1900 MHz blocker test measurements are considered. 
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Figure � SEQ Figure \* ARABIC �1� Minimum Coupling Loss analysis





Figure � SEQ Figure \* ARABIC �2� Typical UE Duplex filter Rx Characteristics





Figure � SEQ Figure \* ARABIC �3� Attenuation from RX to antenna port, results with 1 dB/div and 10 dB/div
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