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Figure 13 - Subframe #5 measuring NPSS Figure 14 - Subframe #9 measuring NSSS
(when available)

With VIAVI CellAdvisor, frame and subframe summary views are a useful way to complete conformance testing
when it is required in a very short period of time:

Figure 15 - Frame and subframe summary views
on VIAVI CellAdvisor
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At this point, in addition to the individual subframes, it may also be convenient to check the status of the overall
NB-loT signal frame:

|D7458  2017-03-21 14:57:16 I 3* (ID 9%

Maode: LTE - FOD

FQ iegrain NB-IoT PRB Index

19

Measure Type

Frame  Subfram

Figure 16

Why is important to check out the NB-loT frame and sub-frame control and synch channels? Looking into the detail
of these channels does require demodulating the signal for lower level analysis, which sometimes is perceived

as a more specialized measurement that only needs to be conducted occasionally. However, it is important to
understand the contribution these channels provide to the overall performance of the network and the reflection
they have in the final quality of service delivered.

For example, the NPSS and NSSS channels are used by NB-lol modems to perform cell site search, which includes
time and frequency synchronization and cell identity detection. If your loT devices placed in the field are struggling
to attach properly to the network, looking into the quality of the transmission of the NPSS channel (also the NSSS
if applicable), is a good place to start the troubleshooting.

Likewise, the NPBCH carries master information blocks (also referred as MIB messages), the NPDSCH carries paging
and system information, and the NRS channels are used to provide phase reference for the demodulation of the
downlink channels, a key element when MIMO is operating out of a cell site.

All these control and sync channels are in charge of different aspects of the NB-loT network operation, and any
issue during their transmission may have a direct impact in the overall service performance delivered to the loT
devices located in the field and being served by a new NB-loT cell site.

Section Summary

In conjunction with VIAVI CellAdvisor's LTE signal analysis capability, the NB-loT signal analyzer can also provide
detailed information about NB-loT channels per frame or per subframe. It allows an analytical approach to the root
cause of any performance issues detected in the NB-loT network.

The different tests described show how to effectively measure power and any potential presence of inter-PRB or
other interference (using the EVM metric) for the new set of NB-lol synchronization, control, and data channels.
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It is important to carry out radio interference analysis when the network is under load (with actual data traffic)
— both from the NB-loT and LTE traffic perspectives, to verify the impact of NB-loT on LTE (or other existing
technologies) and vice versa, in order to detect any possible channel issues.

Testing Scenarios

Case Study A. Intra-PRB interference (same cell site)

When validating an LTE base station with a new NB-lol service, one of the first items to check is any possible
impact the active NB-loT signal may have on adjacent PRBs that may be rendering Voice over LTE (VoLTE) or other
traffic data to non-lol devices like smartphones being served by that same cell site.

Figure 17 - Effect of NB-loT power boosting on
adjacent PRBs from the same cell site

In this scenario (as shown in Fig17), it is important to ensure the NB-loT PRB is not leaking any significant amount
of power to adjacent PRBs allocated to other UE (User Equipment like smartphones, tablet devices with cellular
service, etc.) being served by that same cell site.

Using the VIAVI CellAdvisor Data Allocation Map and measuring the power over-the-air (OTA) and EVM values for
adjacent PRBs within the supported dynamic range is one of the most effective test procedures to detect intra-PRB
interference in an LTE/NB-loT combined cell site.
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Case Study B. Two Co-Located Cells

In this case, the NB-loT cell site produces a signal whose coverage overlaps adjacently with another base station
that is broadcasting a standard LTE signal:
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Figure 18

In this scenario, it may be of interest to analyze any potential changes for the actual coverage area of the LTE base
station, when the NB-loT signal service is activated from the adjacent base station and its associated PRB is actively
transmitting.

Likewise, another validation worth performing in the field is the actual quality of service being delivered from the
NB-loT base station to the loT device that may be placed in an overlapping area between the two base stations, to
identify any potential interference issues from the LTE signal on the NB-loT signal.

In this same co-located cell sites scenario, another downlink effect to monitor is possible excessive levels of NB-
lol PRB power boosting being transmitted (also referred as PSD boosting for power spectral density). This could
produce a type of co-channel interference on neighboring UEs when they are using the same or even the adjacent
PRBs originated from the other LTE base station:
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Figure 19

Fig. 19 Showing potential downlink impact from NB-loT PRB into the same PRB of a co-located cell site serving a
smartphone device.
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An analogous situation of potential signal pollution could take place on the uplink path if the NB-loT device
originates an excessive level of PSD boosting or even an excess of signal repetition to ensure a better reach to the
base station for data transmission. This could result in desensitizing the adjacent LTE base station and a significant
decrease in the quality of service being delivered (similar to a near-far phenomenon).

Conclusion
Network operators need to manage complex and diverse types of connections while maintaining the required

quality of experience for each, and minimizing the need to invest in new equipment.

VIAVI CellAdvisor is a cost-effective, handheld field solution that can support acceptance testing in compliance with
3GPP recommendations, focusing on the following compliance aspects:

e Max output power of PRB (Physical Resource Block) carrying NB-loT signal and channels

 Total Power dynamic range of the NB-lol active PRB, is it equal or greater than 6dB

e EVM measurement for NPDSCH and other control and synch channels

¢ (Downlink) NRS channel power and EVM measurements

e Frequency Error measurement

For new NB-loT service activation, inter-PRB interference is a key concern. Verifying inter-PRB interference with the
EVM measurement is the most accurate and cost-effective test procedure. Likewise, PRBs from the standard LTE
transmission can also have an impact on NB-lol channel quality.

In combination with traditional LTE signal analysis capabilities, VIAVI CellAdvisor can provide detailed information
about NB-loT channels per frame or per subframe, allowing an analytical approach to the root cause of potential
issues.

By reviewing and validating the above metrics during the commissioning stage of a new NB-lol deployment,
and also during regular maintenance checkups, mobile operators can guarantee optimal conditions for their new
loT service, and be assured that it will reach the required objectives in terms of coverage, capacity, and quality of
service.

VIAVI Solutions has been at the forefront of new NB-loT network implementations, already supporting
renowned wireless operators and NEMs worldwide.

For more information about NB-loT, visit viavisolutions.com/nbiot.
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APPENDIX A. Measurement Flow with VIAVI CellAdvisor for NB-loT Signal Analysis

e Reference Guide to configure a VIAVI CellAdvisor to measure a NB-loT in-band signal:
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APPENDIX B. Glossary

3GPP Third Generation Partnership Project
BPSK Binary Phase-shift keying, a modulation technique
dB Decibel measurement unit
dBm Decibel measurement unit related to power in Watts (0OdBm = TmW)
DL Downlink, radio path form base station to the UE/device in the field
EVM Error Vector Magnitude, a measurement of signal quality
loT Internet of Things
inter-PRB Inter-PRB interference or interference between two different PRB signals
KHz Kilohertz, a frequency measurement unit
LTE Long Term Evolution (a 3GPP 4G cellular technology)
LPWA Low Power Wide Area
MHz Megahertz, a frequency measurement unit
MNO Mobile Network Operator
NB-loT Narrowband-Internet of Things, a 3GPP technology for the lol market
NPSS Narrowband Primary Synchronization Signal
NSSS Narrowband Secondary Synchronization Signal
NPBCH Narrowband Physical Broadcast Channel
NRS Narrowband Reference Signal
NPDCCH Narrowband Physical Downlink Control Channel
NPDSCH Narrowband Physical Downlink Shared Channel
PRB Physical Resource Block, also referred to as RB (Resource Block)
PSD Power Spectral Density
QoS Quality of Service
QPSK Quadrature Phase Shift Keying, a modulation technique
RS-SINR Reference Signal — Signal to Noise Ratio
UL Uplink, radio path from the UE/device in the field to the base station
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