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Introduction

In the RAN4-62 meeting it was agreed that requirements for coexistence with broadcasting should be considered when defining the UE requirements for the upcoming APAC700 band [1]. However the lower frequency limit of the protection requiements still needs to be agreed. In this contribution we discuss the various options and provide a text proposal for inclusion in the report.
Regulatory requirements
The regulatory framework for the requirements for broadcasting protection does not clearly specify the lower frequency to which the TV protection limits apply.

Asia-Pacific regulatory background

In the Asia Pacific region APT has agreed on a emission level of -34 dBm/MHz below 694 MHz with a measurement bandwidth of the same size as the TV channels used in the relevant country [2].
Considering technical and economic factors associated with UE equipment, it was concluded that the average out of band emissions of IMT UE,  measured over the bandwidth of the applicable television channel in the country of deployment, must not exceed -34  dBm/MHz below 694 MHz .  

To further reduce the probability of interference in certain cases, such as where digital television broadcasting services are operating immediately below 694 MHz, Administrations may wish  to   implement,  on a local basis, network and operational deployment measures. This discretionary approach would have the effect of further lowering the emissions into the adjacent broadcast band below 694 MHz by up to 6 dB. This would have no impact on the IMT UE handset specifications or roaming requirements and can be achieved solely through network implementation by operators.

For countries which have 6 MHz broadcast channel raster, if it is found that additional coexistence conditions are needed, they should be considered in an amendment to this report.
One of the reasons, that no lower frequency to which the requirements apply, is discussed may be that in the studies it is assumed that the emissions fall of farther and farther away from the carrier. Thus the worst case is the TV channel closest to UE transmitted carrier which corresponds to the 694 MHz limit stated.

Europe regulations for 790-862 MHz

In Europe some of the broadcast spectrum was also re-allocated to IMT services and here the coexistence problem was also studied. The main oucome of these studies can be found in a CEPT report [4].

Compatibility of ECN terminal stations with high power terrestrial broadcasting

An ECN terminal baseline requirement of -50dBm/8MHz for frequencies below 790 MHz is needed for protection of fixed TV reception. In the case of protection of portable TV reception, an ECN baseline of -65 dBm/8 MHz would be needed.

The uplink guard band to protect DVB-T fixed reception from ECN uplink interference on an adjacent channel is around 7 MHz. Larger guard band would be required for the protection of portable-indoor DTT reception, with a potential need for additional filtering at the TV antenna port. For the preferred FDD channel arrangement, the frequency separation between uplink and DVB-T is at least 42 MHz; the guard band requirement is therefore inherently met and the baseline level is readily met.

Therefore, the regulation of requirements imposed on terminal stations needs to take account of the DTT reception mode and the actual guard band.
For Europe reverse duplex was selected. One of the main reasons was to properly protect indoor TV receivers. Here the requirement is -65 dBm/8MHz. However it is also interesting to note that: the baseline level is readily met . The understanding here is that due to the reverse duplex direction, the UE will have to protect it’s own receive band and since emissions generally decay with increasing distance from the carrier frequency the emissions in the TV band will be lower than in the UE receive frequency range.

CEPT does not state a requirement for the lower limit of the emissions. In table 15 the TV protection requirement is stated “below 790 MHz”. An interesting side note is that the table describes the “out-of-band” emissions and not the spurious emissions or unwanted emissions which is the combination of out-of-band and sputious emissions.

In figures  illustrating the emission limit, e.g. Figure 10 of [4], the -65 dBm/8MHz limit is drawn for TV channels 57-60, ie for the frequency range 758-790 MHz.

In the Harmonised standard [3] the requirements on terminals that can be put on the European market the requirements for protecting the TV band is for the frequency range 782-790 MHz, which correspond to the highest DTV channel, i.e. channel 60.

FCC regulations

FCC sets out the regulatory limits for operations in 698-746 MHz  in CFR 47 part 27.53f.[5] This is the frequency range corresponding to band 12/17. Similar requirements for 746-806 MHz can be found in the other sections of Part 27.53.
(g) For operations in the 698–746 MHz band, the power of any emission outside a licensee's frequency band(s) of operation shall be attenuated below the transmitter power (P) within the licensed band(s) of operation, measured in watts, by at least 43 + 10 log (P) dB. Compliance with this provision is based on the use of measurement instrumentation employing a resolution bandwidth of 100 kilohertz or greater. However, in the 100 kilohertz bands immediately outside and adjacent to a licensee's frequency block, a resolution bandwidth of at least 30 kHz may be employed.

In essence this is harmonized with the -13 dBm/100 KHz ITU cat A limit.
In addition, in [6] there are requirements for protecting TV services in channels 51-68, i.e. 692-806 MHz. This is mainly for ensuring coexistence between different geographical areas. Channel 51 is adjacent to Band 12, so here there is an additional limit:
(2) The minimum D/U ratio for adjacent channel stations is 0 dB at the hypothetical Grade B contour (64 dBµV/m) (88.5 kilometers (55 miles)) of the TV station or −23 dB at the equivalent Grade B contour (41 dBµV/m) (88.5 kilometers (55 miles)) of the DTV station

This part also says: 

(a) D/U ratios. Licensees must choose site locations that are a sufficient distance from cochannel and adjacent channel TV and DTV stations, and/or must use reduced transmitting power or transmitting antenna height such that the following minimum desired signal-to-undesired signal ratios (D/U ratios) are met.

The requirements in this part is a bit difficult to directly to translate to protection of TV in the same geographical area since the focus seems to be on geographical separation. However we note that the regulator has made some extra provisions for protecting the uppermost 6 MHz of the TV spectrum.

ITU regulations
Finally we note that the ITU recommendation [7] makes a distingction between spurious emission domain and out-of-band emission domain at 250% of the necessary bandwidth. For a 20 MHz LTE carrier this would be of the order of 40 MHz from the carrier edge. The Category A spurious emission limits are -13 dBm/100 kHz and the Category B emission limit is -36 dBm/100 kHz.
TV protection comparison

In the table below we compare the emission requirements for protecting TV in various regions. The bold number is the one in the actual requirement and the other numbers are scaled for comparison purposes.
Table: Comparison of emission requirements for TV protection (bold numbers are regulatory requirements, the other numbers are scaled to the same measurement BW for reference)
	
	dBm/100 kHz
	dBm/1 MHz
	dBm/6 MHz
	dBm/8 MHz

	APT requirements
	-44
	-34
	-26.2
	-25

	Europe
	-84
	-74
	-66.2
	-65

	USA/FCC
	-13
	-3
	4.8
	6.0

	ITU Cat A
	-13
	-3
	4.8
	6.0

	ITU Cat B
	-36
	-26
	-18.2
	-17


Discussion
When looking at the requirements for protecting TV broadcasting we see that the conditions are diverging in different regions and that regulators have choosen a wide range of options and it is difficult to draw any definite conclusions about measures to protect broadcasting. We also note that the regulatory requirements only apply to frequenc y bands close to the TV frequency ranges. 

One thing to note though is that in most of the studies it is expected that emissions decay as the distance to the carrier frequency decrease. This indicates that by testing a limited range of the TV band close to the UE transmitter should be enough.

One open question is how large part of the TV spectrum that have these extra requirements and how much of the spectrum that needs to be tested. However we can find arguments for anything in the range of 6-40 MHz. 
We note that most studies suggest that it is enough to test a limited range of the TV spectrum. We suggest that the first 4 TV channels should be tested, for 8 MHz channel raster that would correspond to 32 MHz. This is also more than 41 MHZ from the lowest possible channel edge, so this should also be compatible with the 250% principle used by ITU.
Considering that the regulatory requirements only apply to frequency bands close to the TV frequency range we propose that the limit -34 dBm/MHz should just apply to the to APAC700 band.
Proposal

It is proposed that the requirements for protecting TV spectrum should apply from 662 MHz. This is based on the four channel principle from Europe (4x8MHz) this is also 41 MHz from the lower end of the band which is more than the 250% used in the ITU recommendations. This is captured in the attached TP for report [8].
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Co-existence with TV broadcasting

Based on the TV broadcasting protection limits specified by the regulatory bodies (chapter 5.2.1 and 5.2.2), the APAC700 FDD UE emission limits are:

o
-26.2 dBm/6 MHz  in the frequency range 662-694 MHz for any E-UTRA carrier within 703-748 MHz with up to 20 MHz bandwidth. No A-MPR is required.

o
-26.2 dBm/6 MHz in the frequency range 662-710 MHz for any E-UTRA carrier located above 718 MHz with up to 20 MHz bandwidth. [0]dB A-MPR is required 

APAC700 TDD UE emission limits need further consideration. 

