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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 uplink bands from the MBS beacons is discussed.  For reference, RAN1 is currently referring to MBS as TBS Option 2. 
Discussion 

Blocking was identified as an aspect of coexistence that needs to be addressed at RAN4 #75 [5]. This document looks at blocking of 3GPP uplinks from co-located and non-co-located MBS beacons.
BS Blocking analysis
LTE base station blocking requirements can be found in TS 36.104 [6] and UMTS base station blocking requirements can be found in TS 25.104 [7]. The general blocking requirement for E-UTRA Wide Area BS are in TS 36.104 Table 7.6.1.1-1 and blocking requirement for E-UTRA Wide Area BS when co-located with BS in other frequency bands are in TS 36.104 Table 7.6.2.1-1.  The general blocking requirement for UTRA Wide Area BS are in TS 25.104 Table 7.4 and blocking requirement for UTRA Wide Area BS when co-located with BS in other frequency bands are in TS 25.104 Table 7.5C.  As can be seen, the general blocking performance for a blocker 20 MHz beyond the edge of the band is -15 dBm for both UTRA and E-UTRA. For co-located BS, the blocker power level is +16 dBm for both E-UTRA and UTRA. 
Rx blocking of 3GPP base stations that meet the general and the co-located blocking performance with both co-located and non-co-located MBS beacons will be considered here.
The US licensed M-LMS band covers 919.75 to 927.75 MHz. Beacon transmissions in the M-LMS band are limited to maximum power of 30 Watt peak ERP, or 45 dBm rms EIRP. A 40 dBm beacon transmitter with a 5 dBi antenna is typically deployed in urban and dense urban areas and will be used here for analysis. 

Co-located blocker protection

Since the M-LMS band is not a 3GPP band that is deployed in the US, there isn’t a 3GPP co-location requirement that would directly apply to protection from an MBS blocker in the 919.75 to 927.75 MHz M-LMS band. However, base stations with Rx filters that provide co-location blocking protection from Band 5 /Band 26 downlinks will also provide protection from beacons in the M-LMS band due to close frequency proximity. There are three cases to be considered:
1) Base stations operating in Band 5 or Band 26

2) Base stations operating in Bands below 800 MHz 

3) Base stations operating in Bands above 900 MHz

Co-location protection from the M-LMS band for Band 5 and Band 26

Band 5 and Band 26 uplinks will always need to have co-location protection to protect their uplinks from their own downlink emissions. Since the Band 5 and Band 26 downlinks are between the Band 5 and Band 26 uplinks and the M-LMS band, the Rx filtering that protects the uplinks from their 859-894 MHz downlink will typically provide as much or more protection from a blocker signal at 919.75-927.75 MHz. 

Co-location protection from the M-LMS band for bands below 800 MHz

Base stations below 800 MHz will have to have co-location protection from their own downlink bands. Although, since Band 13 and Band 14 are reverse duplex bands where the downlink is lower frequency than the uplink, the filtering that protects their uplink from their own downlink won’t help to protect them from beacons in the M-LMS band. However, since Band 5 and Band 26 are so widely deployed in the US, it is likely that most base stations operating below 800 MHz will have co-location Rx filters to protect their uplink from Band 5/26 downlink blocking. As with Band 5 and Band 26 uplinks, the bands below 800 MHz that have co-location protection from the Band 5 and Band 26 downlinks will also have roughly the same protection from beacons in the M-LMS band which are farther away in frequency. 

Co-location protection from the M-LMS band for bands above 900 MHz

The nearest 3GPP band above 900 MHz that is currently deployed in the US is Band 4, which has a lower edge at 1710 MHz. Given the wide-scale deployment of Band 5 and Band 26 in the US, base stations operating above 900 MHz will also likely have co-location protection from Band 5 and/or Band 26 DLs. The lower edge of the Band 4 uplink is 816 MHz above the upper edge of Band 5/Band 26, and 782 MHz above the top of the M-LMS band. Given the frequency proximity to the Band 5/Band 26 downlink and the distance from the Band 4 uplink, a Band 4 BS with UL co-location protection from Band 5/Band 26 downlinks will have nearly as much protection from MBS beacons in the M-LMS band.

Summary of co-location protection from beacons in the M-LMS band

Observation 1: Base stations with Rx filtering to protect their uplink from co-located Band 5 or Band 26 downlink transmissions also have roughly the same protection from MBS beacon transmissions in the M-LMS band.

MBS blocker deployment scenarios

There are four MBS blocker scenarios that are analysed here:

1) MBS M-LMS band aggressor, co-located 3GPP BS victim that meets the general blocking requirements

2) MBS M-LMS band aggressor, co-located 3GPP BS victim that meets Band 5/26 co-location blocking requirements

3) MBS M-LMS band aggressor, non-co-located 3GPP BS victim that meets the general blocking requirements

4) MBS M-LMS band aggressor, non-co-located 3GPP BS victim that meets Band 5/26 co-location blocking requirements

Co-located 3GPP BS victim that meets the general blocking requirements

Analysis of BS-BS coexistence with co-located BS uses 30 dB for the MCL in TS 25.942 [8].  With 40 dBm of MBS beacon transmit power and 30 dB of MCL, the signal at the uplink Rx port of the victim BS will be +10 dBm. This is 25 dB above the -15 dBm general protection level.   

Observation 2: Base stations that are co-located with MBS beacons in the M-LMS band need to have uplink protection that exceeds the minimum general blocker requirements based on MCL analysis. 

Co-located 3GPP BS victim that meets Band 5/26 co-location blocking requirements
With 40 dBm of MBS beacon transmit power and 30 dB of MCL, the signal at the uplink Rx port of the victim BS will be +10 dBm. This is 6 dB below the +16 dBm co-located protection level.  
Observation 3: Co-location protection from Band 5/26 downlink transmissions will give a 3GPP base station adequate protection from a co-located MBS beacon transmissions in the M-LMS band based on 30 dB MCL for co-located base stations. 
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Non-co-located 3GPP BS victim that meets the general blocking requirements
For BS to BS propagation, TR 25.942 section 7.4.1.2.1.3 states “The base station antenna gain used to calculate the power received in this case is 10 dB, instead of 13 dB, to consider the tilt of the antennas.” With 45 dBm of beacon EIRP, 10 dB of receive antenna gain and -15 dBm blocker capability, 70 dB of path loss is required between the beacon antenna and the BS antenna as shown in Figure 2.  In free space 82 m would be required for 70 dB of path loss at 920 MHz.  

Observation 4: An MBS beacon would need to be at least 82 meters away from a 3GPP BS that only meets the general blocking requirement if the two are in direct line of sight.  
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Non-co-located 3GPP BS victim that meets Band 5/26 co-location blocking requirements
The next scenario is where the co-location protection from the Band 5/26 downlink is implemented to protect the LTE uplink but the base station is not co-located with the beacon transmitter as seen in Figure 3. The TBS beacons would have 45 dBm EIRP and the receive antenna would have 10 dBi of gain due to downtilt. In this case, 39 dB of path loss would be required between the beacon transmit antenna and the LTE Rx antenna. With free space propagation, 2.4 meters of separation would be required for 39 dB of path loss. 
Observation 5: 3GPP base stations with co-location protection from the Band 5/26 downlink can operate within 2.4 meters of an MBS M-LMS band beacon even if the two are in direct line of sight.


[image: image3]

Comparison of an MBS M-LMS Beacon Blocker with a Band 5 DL blocker

For comparison, we will look at a Band 5 base station downlink as the blocker for a 3GPP band uplink to compare with an MBS M-LMS band beacon blocker. 
If the victim does not have co-location protection from the Band 5 downlink, then a 5 MHz Band 5 aggressor with 43 dBm of transmit power that is co-located with the victim with 30 dB minimum coupling loss will produce a 13 dBm signal at the victim antenna port.  Table 1 shows a comparison of the receiver margin for an MBS blocker compared to an LTE blocker when the victim receiver is co-located with the aggressor, for the cases when the victim has co-location protection and when it does not. 
	Co-located aggressor (blocker) and LTE victim BS
	Received Signal Strength
	Margin without co-location protection (-15 dBm blocker requirement)
	Margin with co-location protection (+16 dBm requirement)

	M-LMS Aggressor 
	10 dBm
	-25 dB
	6 dB

	Band 5/26  Aggressor 
	13 dBm
	-28 dB
	3 dB


Table 1 Co-Located blocker and victim
If the victim and aggressor are not co-located, then a 5 MHz Band 5 aggressor with 43 dBm of transmit power will have 10 dBi of effective antenna gain for both transmit and receive at the victim due to antenna downtilt [8].  If the victim only meets the minimum general blocker protection level of -15 dBm, then 78 dB of path loss would be required. If the victim receiver meets the minimum requirements for co-location protection from the Band 5 downlink, then 51 dB of path loss would be required.  Table 2 compares the required path loss and minimum distance for an M-LMS aggressor and a Band 5 aggressor with a non-co-located victim both with and without co-location Band 5 blocker protection.
	Non-co-located aggressor and LTE victim
	Tx
	Tx Antenna gain
	Rx Antenna gain
	Required Path Loss without co-location protection (-15 dBm requirement)
	Min dist (meters)
	Required Path Loss with co-location protection (+16 dBm requirement)
	Min dist (meters)

	M-LMS aggressor 
	40 dBm
	5 dBi
	10 dBi
	70 dB
	82
	39 dB
	2.4

	Band 5/26  aggressor 
	43 dBm
	10 dBi (due to downtilt)
	10 dBi (due to downtilt)
	78 dB
	206
	47 dB
	5.8


Table 2 Non-co-located blocker and victim
Table 2 shows that a 3GPP base station that only has the minimum general blocking performance and not protection for a Band 5/26 blocker will need to be at least 206 meters from a Band 5/26 base station. Given the broad deployment of Band 5 and Band 26 in the US, 3GPP base stations without co-location blocking protection from Band 5/26 downlinks would have a severely limited choice of deployment locations.

Observation 6: A UTRA or E-UTRA BS that only meets the general blocking requirement beacon would need to be at least 206 meters away from a Band 5 or Band 26 BS if the two are in direct line of sight.  
M-LMS band coexistence history 
The FCC studied coexistence extensively before granting a license for location services in the 920 MHz M-LMS band. NextNav has deployed MBS beacons in cities across the US which are coexisting with cellular deployments. MBS beacons have been widely deployed in the San Francisco Bay area for several years with no reported coexistence issues. 
Summary
This contribution shows that MBS beacons in the M-LMS band can coexist with 3GPP uplinks. A 3GPP base station with uplink co-location protection from a Band 5 or Band 26 downlink will have roughly the same level of protection from an MBS beacon transmitter in the M-LMS band because of the close frequency proximity. Due to the common deployment of Band 5 and Band 26, 3GPP base stations deployed in urban and dense urban areas most likely have uplink co-location protection from Band 5/26 downlinks. Since the MBS beacon will have lower power and lower antenna gain, the blocking impact of an MBS beacon on a 3GPP uplink will be significantly less than that of a Band 26 or Band 5 downlink, or alternatively an MBS beacon can be located closer to a victim BS than an aggressor LTE BS can be in the non-co-located case.
Observation 1: Base stations with Rx filtering to protect their uplink from co-located Band 5 or Band 26 downlink transmissions also have roughly the same protection from MBS beacon transmission in the M-LMS band.

Observation 2: Base stations that are co-located with MBS beacons in the M-LMS band need to have uplink protection that exceeds the minimum general blocker requirements based on MCL analysis. 

Observation 3: Co-location protection for Band 5/26 will give a 3GPP base station adequate protection from a co-located MBS beacon in the M-LMS band based on 30 dB MCL for co-located base stations. 

Observation 4: An MBS beacon would need to be at least 82 meters away from a 3GPP BS that only meets the general blocking requirement if the two are in direct line of sight.  
Observation 5: 3GPP base stations with co-location protection from the Band 5/26 downlink can operate within 2.4 meters of an MBS M-LMS band beacon even if the two are in direct line of sight.

Observation 6: A UTRA or E-UTRA BS that only meets the general blocking requirement beacon would need to be at least 206 meters away from a Band 5 or Band 26 BS if the two are in direct line of sight.
MBS beacon to 3GPP BS coexistence issues can be avoided by proper site engineering.
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Figure � SEQ Figure \* ARABIC �1� MBS Beacon aggressor with co-located 3GPP BS victim





Figure � SEQ Figure \* ARABIC �2� MBS Beacon aggressor with non-co-located BS victim with general blocking protection





Figure � SEQ Figure \* ARABIC �3� MBS aggressor with non-co-located 3GPP BS victim with co-located blocking protection
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