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Introduction
In-channel and out-of-band blockers (or jammers) will have significant impact on transceiver design and system performance at mm-wave bands. This paper outlines qualitatively the impact blockers can have on various parts of the signal-processing chain. The goal of this paper is to motivate  
· a detailed blocker specification that would aid 5G/NR transceiver implementation
· a region-by-region co-existence study of non-5G cellular signals that occupy mm-wave bands of interest 
Discussion
Signal blockers are a challenge for 5G/NR radios as they significantly increase the complexity of RF components in the signal chain. The difficulty is compounded by the very large bandwidths being considered for transmission.
Let us first classify blocking signals:
· Out-of-band blockers: These are signals that are not immediately in the frequency band of interest, but still in the tuning range of the antenna, which implies that they can couple into the signal path. One example for 5G/NR is Ka-band (26.5-40 GHz) satellite uplinks and radar transmitters [1]. At the 60 GHz range, we are faced with blockers from 802.11ad devices [2]. There are possibly other blockers, and this has to be investigated rigorously region by region. 

· In-band blockers:  These are cellular signals in the mm-wave band, say at 28 and 39 GHz for now, from adjacent 5G base-stations or nearby UE’s. Further discussion is needed on what deployment scenario should be considered for defining the requirements. One possibility is to use some data based on the co-existence study. For example, collecting statistics of power levels of signals received from blockers at UEs and using a certain %-ile value. The spatial aspects should also be further discussed. Statistically, the chances that a strong blocker will reach the UE in the main lobe of the Rx beam for an extended period of time are likely to small.

· Self-blocking: from one UE device to itself, which could occur due to coupling in the following ways: 
· from one mm-wave band to another during carrier aggregation (CA) if async operation is supported
· from  sub-6 GHz band to the mm-wave band, either in Standalone mode with CA, or Non-standalone mode. At least for Non-standalone mode, a blocking requirement with a blocker in the sub-6 GHz range is definitely needed. It is likely that self-blocking will determine a more stringent requirement compared to blocking caused by nearby UEs or base stations.
The coupling could occur over the air due to the close proximity of the antennas, or by coupling via the substrate of a PCB or monolithic IC.  Consider a PCB with 2 antennas, say A and B, where the isolation between the ports is 30 dB.  Consider a TX signal at antenna A with 25 dBm power. This would couple into port B at -5 dBm, which is easily many dB higher than the typical signal received from a remote transmitter. 
Consider the effect of these blocking signals once they enter a typical RX chain as shown in Fig. 1.  
· Impact on LNA and RX front-end: the presence of blockers may require a channel-selection filter in the RX path. One possibility is to introduce the filter prior to the LNA to avoid de-sensitizing RX path. But the insertion loss of the filter will reduce the noise-figure of the chain. If introduced after the LNA, the LNA will have to be designed with higher linearity to avoid saturating the amplifier.

· Impact on PA and TX front-end: the blocking signal may couple into the mixers on the TX path, producing inter-modulation products or out-of-band emissions at the PA output. This may require a filter at the PA output, which could potentially reduce the radiated power of the transmitter.

· Impact on the VCO and frequency-synthesizer:  the blocking signal could mix with the VCO and produce multiple clock spurs at the synthesizer output. In a more extreme situation – i.e., a strong blocker --  the blocking signal could injection pull the oscillator to an undesired frequency

· Impact on phase-noise specification: while close-in (i.e., close to LO frequency) phase noise affects the in-band EVM of a desired signal, far-out phase noise, in effect, mixes far-out blockers into the band of the desired signal. Depending on the strength of the blockers, the EVM of the desired signal could be severely degraded. 



Figure 1: Block diagram of an RF front-end


Conclusion
In this paper broadly outlined different classes of blockers in mm-wave bands. We also discussed the potentially severe impact of blockers on the RF chain. This raises serious questions that needs to be addressed jointly by RAN4 members:
· A region-by-region coexistence study of non-5G cellular signals in the mm-wave bands of interest
· A blocker/jammer specification -- including both 5G and non-5G signals – for transceiver implementation.

[bookmark: _GoBack]A key objective of this paper is: RAN4 should conduct a survey of systems deployed near the 3GPP bands of interest in different regions, identify the systems that will drive the most stringent requirements, and define the appropriate requirements to guarantee 5G/NR system performance.
References
[1] Ka-band Service Rules Third Report and Order, 12 FCC Rcd at 22319-20 (paras. 21-23).  See also International Bureau, Satellite Division Information: Clarification of 47 C.F.R. § 25.140(b)(2), Space Station Application Interference Analysis, Public Notice, 18 FCC Rcd 25099 (Int'l Bur. 2003) (First Interference Analysis Public Notice)
[2] 802.11ad-2012 - IEEE Standard for Information technology--Telecommunications and information exchange between systems--Local and metropolitan area networks--Specific requirements-Part 11: Wireless LAN Medium Access Control (MAC) and Physical Layer (PHY) Specifications Amendment 3: Enhancements for Very High Throughput in the 60 GHz Band
1

2

image1.emf
Combiner/

Splitter

Phase 

Control

LO

IF In/Out

Antenna

To/From other 

Antennas

...

...


oleObject1.bin
LO


IF In/Out


Antenna


To/From other Antennas


...


Combiner/
Splitter



