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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]. 

The purpose of this document is to provide measurement results for Rx Blocking tests for Band 5 UEs when a TBS Option 2 beacon transmitter is present. This was modeled after the test methodology that was approved for measuring the blocking impact of Band 23 UEs on legacy 1900 MHz band devices [6]. Legacy 1900 MHz band UE performance in the presence of a Band 23 transmitter were presented in R4-112261 [7]. 
The present measurement study focused on LTE Band 5 UEs performance in the presence of an MBS beacon signal. The analysis in R4-154425 [8] shows that an MBS beacon signal as high as -30 dBm could reach a UE given 70 dB of MCL that is assumed for urban and dense urban areas. The goal of this testing was to see how real world UEs perform in the presence of a blocking signal that is greater than -44 dBm, the minimum blocker signal level for 15 to 60 MHz outside of an LTE band. 

The UEs that were used for the conducted testing were commercial grade pre-release LTE Band 5 capable UEs from two different vendors. The vendor and device details cannot be shared. 
Discussion 
This discussion section will cover the test setup and parameters in detail and will provide the measurement results.

Important points to note
Rather than using the minimum reference sensitivity specified for a Band 5 UE as specified in TS 36.101, the actual sensitivity for each UE was measured and used as the basis for the desired signal. So measured sensitivity + 6 dB was used instead of refsense + 6 dB that would normally be used for blocker testing. Since the UEs exceed the minimum required reference sensitivity, it was felt that this approach was more challenging but would provide a better view of the impact of a potential interferer on a real world UE.
A 10 MHz LTE desired signal was configured at the top of Band 5 (top edge at 894 MHz) to provide a worst case scenario with respect to a blocker above 919.75 MHz. In most parts of the US, the spectrum allocation is such that only a 1.4 MHz LTE carrier can be deployed at the top of Band 5 between, 890 and 894 MHz. So in most of the US, the highest that a 10 MHz LTE carrier could be deployed in Band 5 is 880-890 MHz.
Equipment and Tools

Since RF ports are required for conducted tests, commercial grade pre-release LTE Band 5 capable UEs with RF test ports were used as the test devices. CW and modulated interfering signals were created with a commercial signal generator. The following equipment was used for obtaining the results introduced in this document:
· Rohde & Schwarz CMW500 Wideband Radio Communication Tester serving as a BS for LTE Band 5
· Rohde & Schwarz SMU 200A Vector Signal Generator (to generate CW and GPS interferer signals) 

· Rohde & Schwarz FSU8 Spectrum analyzer (for calibration and monitoring)

· Lindgren RF Enclosures shielded test box 
· RF signal combiner

· RF signal splitter

Note: This testing did not include a tunable notch filter to notch out the signal in the victim Rx band. 
Test Conditions

Voltages
Tests started with UEs fully charged own battery. Small battery voltage drop is possible during tests, but not essential from results point of view. This is in line with 3GPP specification TS 34.121-1, annex G, that defines nominal voltage for Li-ion battery cells; Vnominal = 3.7V x 1.1 = 4.07 V.

Temperature

Even though 3GPP defines full temperature range, the tests were be done, according to standard working procedure, at normal temperature, 25 degrees Celsius. 3GPP specification TS 34.121-1, annex G, defines normal conditions temperature 15 – 35 degrees Celsius and 25 degrees is middle of defined nominal range.
Tested Units

Three commercial-grade, pre-release UEs with RF test ports were used for testing, based on availability of UEs with RF test ports. Two of the UEs were from the same vendor and the third was from a different vendor. The vendors and model numbers of these pre-release UEs cannot be shared.  These UEs will be referenced as UE1 to UE3 in this document. 
RF Measurement setup

Measurement setup can be found in Figure 1. 
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Setup Calibration

The signal analyzer was used to measure the RF attenuation between the signal generator and the test UE.

Aggressor signals

The following signals were used as aggressors to test the blocking performance of the test UEs: 
· CW signal

· 2 MHz GPS signal with center frequency at 920.773 (so the lower edge of the main lobe was at 919.75 MHz, the lower edge of the M-LMS band)
Note that standard test equipment in the form of a GPS signal generator tuned to MBS center frequency was used to emulate the 2MHz bandwidth signal for TBS Option #2 due to ease of availability. This configuration with 100% duty cycle transmission is worst case since the MBS beacon normally has a duty cycle of only 10%.
Since a notch filter was not used to protect the LTE band from OOBE, the side lobe emissions from the signal generator likely impacted the results when the GPS modulated signal was used as the aggressor. 
Test Procedure

The following test procedure was followed:

1. UE under test is connected with cable inside the shielding chamber to the test setup.

2. Data Connection is established between the UE and Serving BS (R&S CMW 500)

3. The sensitivity of each UE was measured and used as the basis of the test signal level. Instead of using the specified minimum reference sensitivity from TS 36.101, the actual measured sensitivity was used as a baseline for testing instead of reference sensitivity. So instead of refsense + 6 dB, measured sensitivity + 6 dB was used.  

4. BS DL signal was 10 MHz LTE at the top edge of Band 5, with EARFCN 2600. 
5. Blocking signal level was set in the signal generator.
6. The blocking signal level was raised in 1 dB steps until the test fails (<95% throughput for LTE)
7. The blocking signal level where the throughput is greater than 95% was recorded
Result target

It has been shown in R4-154425 [8] that an MBS beacon could result in a signal at a victim of -30 dBm using the Minimum Coupling Loss assumption of 70 dB for urban and dense urban areas. The goal of this testing is to determine the real world blocking resiliency of Band 5 UEs in the presence of a signal in the US MLMS band. 
LTE Rx Blocking measurement results
LTE Rx blocking measurements are defined in 3GPP TS 36.521-1.

In the tests, the LTE signal was set to the highest channel (edge at 894 MHz). This is a worse configuration than will be possible in most areas of the US. In the US Band 5 is allocated in an A/B/A*/B* configuration (869-880/880-890/890-891.5/891.5-894 MHz). With this configuration there is only a 1.5 and 2.5 MHz channel at the top of the band (between 890 and 894 MHz) so an LTE carrier wider than 1.4 MHz could not be located at the top of the band in most of the country. 
All testing was performed with a 10 MHz Band 5 LTE carrier (EARFCN 2600). 50 resource blocks (RBs) were allocated).
CW blocker with desired signal at measured sensitivity
As an initial test to see how the UEs performed with a narrow band blocker at various distances from the desired signal, the desired signal level was set to the UE’s measured sensitivity level. This was the signal level just above where the throughput falls below 95%. This is a harsh test that was mean to demonstrate the effect of the UE Rx/duplex filter on protecting the UE’s front end. 
For all three UEs, the measured sensitivity was -126 EPRE (dBm/sub carrier) which is converted to total signal power for a 10 MHz 50 RB signal by adding 10log10(50*12)= 27.8 dB. So the measured sensitivity of each of these UEs with a 10 MHz signal was -98.2 dBm, 3.2 dB better than the 10 MHz Band 5 reference sensitivity. 
The tests were performed with the CW signal 5 MHz above the upper edge of the LTE band (899 MHz), 10 MHz above the band (904 MHz) and 26 MHz above the band (920 MHz). 

The maximum interference level for the 3 UEs where the throughput was still >95% are shown in Table 1.
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Table 1 Measurement results for 10 MHz LTE victim, signal at measured sensitivity, CW blocker
It should be noted that reference sensitivity for a 10 MHz Band 5 carrier is -95 dBm, so reference sensitivity plus 6 dB is -89 dB. It is interesting to note that with the desired signal at measured sensitivity, all the tested UEs can handle a CW blocker 24 to 31 dB stronger at 920 MHz than at 899 MHz.
Observation 1: With the desired signal at measured sensitivity, all of the tested UEs could handle a CW blocker at 920 MHz that was at least 29 dB stronger than the minimum required blocker specified for a desired signal at reference sensitivity plus 6 dB.
Observation 2: With the desired signal at measured sensitivity, all of the tested UEs could handle a CW blocker with at least 15 dB of margin relative to the -30 dBm signal from an MBS beacon assuming 70 dB MCL as described in R4-154425 [8]. 

CW and modulated Blocker with desired signal at measured sensitivity + 6 dB
The next set of tests were performed with the desired signal level set to the UE’s measured sensitivity plus 6 dB. For the CW tests the blocker signal was centered on 920 MHz. For the GPS blocker tests the blocker signal was centered on 920.773 MHz.  
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Table 2 Measurement results for 10 MHz LTE victim, signal at measured sensitivity + 6 dB, CW and GPS blocker
Observation 3: With the desired signal 6 dB above measured sensitivity, the UEs could all handle a CW blocker at least -1 dBm, 43 dB better than the minimum requirement with the desired signal 6 dB above reference sensitivity.

Observation 4: With the desired signal 6 dB above measured sensitivity, the UEs could all handle an unfiltered “GPS” blocker at 920.773 MHz of at least -14 dBm, leaving at least 16 dB of margin relative to the -30 dBm that could be expected from an MBS beacon as described in R4-154425 [8].
The difference between the unfiltered GPS signal and the CW signal is likely due to the out of band emissions from the unfiltered GPS modulated signal since a notch filter was not present to protect the LTE band from out of band emissions . This may well be the case, given that the test results in R4-112261 [7] show the same interferer level could be tolerated for both CW and modulated signals at the same frequency offset. 
Summary
The test results presented here show that the tested Band 5 UE can handle a CW blocker of at least -1 dBm 26 MHz above the upper edge of the band. This is consistent with the test results from R4-112261 [7] that showed that the tested Band 2 LTE UE could handle CW or modulated blocker of 1.1 dBm 20 MHz above the upper edge of the band.
This testing supports the thesis that LTE UEs can handle a blocker significantly stronger than the minimum required blocking level 25 MHz above the upper edge of the band. A Band 5 UE should have no problem with a -30 dBm blocking signal in the M-LMS band.
Observation 1: With the desired signal at measured sensitivity, all of the tested UEs could handle a CW blocker at 920 MHz that was at least 29 dB stronger than the minimum required blocker specified for a desired signal at reference sensitivity plus 6 dB.

Observation 2: With the desired signal at measured sensitivity, all of the tested UEs could handle a CW blocker with at least 15 dB of margin relative to the -30 dBm signal from an MBS beacon assuming 70 dB MCL as described in R4-154425 [8]. 

Observation 3: With the desired signal 6 dB above measured sensitivity, the UEs could all handle a CW blocker at least -1 dBm, 43 dB better than the minimum requirement with the desired signal 6 dB above reference sensitivity.

Observation 4: With the desired signal 6 dB above measured sensitivity, the UEs could all handle an unfiltered “GPS” blocker at 920.773 MHz of at least -14 dBm, leaving at least 16 dB of margin relative to the -30 dBm that could be expected from an MBS beacon as described in R4-154425 [8].
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