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Introduction
The band definition for 5G broadcast in the UHF frequency range remains unresolved.  On one hand, a single large global band covering the entire UHF frequency range is desirable to enable the greatest deployment flexibility and compatibility worldwide.  On the other hand, concerns have been expressed about UE feasibility.  This contribution provides further evidence for proposals on the band plan definition.
Discussion
During RAN4 #104bis-e, a way forward [1] was agreed to study two options for band definition
· Option 1: Full UHF filtering is feasible including under what relaxed requirement conditions it could be feasible.
· Option 2: Full UHF filtering is not feasible. Then, provide a filtering solution which allows using the entire band.
Each of these options is further explored below.
Full UHF band
Comments have been provided in previous meetings that existing DTT devices already on the market are able to support the entire UHF band.  Therefore, it is unclear what prevents 3GPP RAN4 from defining a single band covering the entire UHF frequency range from 470 – 698 MHz.  Unfortunately, while such existence claims have been made, no information or technical data has been provided to illustrate exactly (or even approximately) what the radio performance of the DTT devices is.  In the absence of radio performance requirements, any frequency range can be supported!  A technical study must be conducted by RAN4 to decide whether a full band can be defined and what the corresponding requirements would be.  At stake for the UE are receiver requirements such as reference sensitivity which is impacted by filter insertion loss and ACS and blocking requirements which depend upon filter rejection.  Since the desired form factor for the device is a handheld smartphone, certain physical constraints must also be considered such as size and footprint of the components.
The first component to consider is the UE receive filter.  As elaborated in [2], current UE filters designed for cellular applications can support a maximum relative bandwidth of approximately 6%.  At this frequency range, these discrete filters generally have worst case insertion losses less than 2 or 3 dB, out of band rejection of at least 20 dB, rejection of other transmit bands including self-band for FDD of more than 50 dB, and a footprint of 1.8mm x 1.4mm or smaller (for a duplexer consisting of Tx and Rx filters).  On the other hand, UHF filters for DTT reception have different performance characteristics.  One example, the most promising of those surveyed, is given below.  
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It can be seen that this filter passes the entire UHF frequency range from 470 – 710 MHz with a worst case in-band insertion loss of 2.7 dB.  The filter is designed for the Japanese market to provide rejection at Band 18, Band 19, Band 11, and Band 21 uplink frequencies where the minimum specified rejection approximately 40 dB from 815 – 845 MHz and 50 dB from 1427.9 – 1462.9 MHz.  Note, however, that the transfer function is non-monotonic and rejection suffers between these two frequency ranges.  In particular, the second harmonic frequency for channels at low UHF frequencies is approximately at 1000 MHz where there is little filter rejection.  Thus, out-of-band blockers can mix on top of the wanted channel causing co-channel interference.  
In contrast, this is quite different from a Rx filter designed for cellular operation with one example provided below where the filter rejection is broad outside of the passband.  
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In addition to the Rx filter, there are other aspects to consider related to the antenna, LNA, and external matching network.  Antenna area increases as the frequency decreases.  Due to the limited real estate available on smartphones, it may not be practical to install a larger antenna to efficiently support the lower UHF frequencies, particularly if two antennas are required for diversity reception.  The low band LNA may not have sufficient gain at lower UHF frequencies and external matching is expected to be problematic over such a large frequency range.  It can be anticipated that both conducted reference sensitivity and over-the-air sensitivity may be degraded at the lower UHF frequencies.  Additionally, out-of-band blocking will likely be challenged.  The existing range 3 out-of-band blocker level for LTE is -15 dBm at 85 MHz offset from the band edge.  It can be seen from the filter response that rejection is limited at 85 MHz offset from the pass band edges.  
Observation 1:  Reference sensitivity especially at the lower UHF frequencies may be degraded.
Observation 2:  Out-of-band blocking requirements especially range 3 at 85 MHz offset from the band edge may need to be relaxed from -15 dBm to [-30] dBm.
Given that the band and filter extends across the entire UHF frequency range, it is clear that no possible rejection of blockers within the band is available.  Therefore, other broadcast transmitters within the UHF band will pass through unimpeded by this filter.  They can be expected to be specified according to in-band blocking requirements of -56 dBm and -44 dBm.
Observation 3:  In-band blocking requirements currently specified as -56 dBm and -44 dBm for LTE will apply across the entire UHF band.
As indicated above, this particular filter was optimized for Japanese markets and was therefore designed to provide rejection to uplinks from Bands 18, 19, 11, and 21 to enable concurrent operation.  There are no 3GPP-based requirements for concurrent operation between DTT reception and cellular transmission; nonetheless, it can be expected that some level of concurrent operation might be achievable with this design.  For other markets, the design and performance will differ especially if the bands in consideration such as Band 28 are more than 100 MHz closer to the upper edge of UHF.
Observation 4:  Concurrent operation is outside the scope of this work item, but may need to be considered in the future on a case-by-case basis.  A broadband definition with single filter will make coexistence challenging to enable especially for close-in bands such as Band 28.
Regional bands
A second option instead of or in addition to the single large UHF band is to define smaller regional bands.  Since broadcast spectrum as well as adjacent or nearby spectrum is allocated differently by different countries, regional bands may be more practical than a single generic global band.  For example, in the US and some Asia Pacific countries, broadcast TV spectrum has been reallocated to IMT in 600 MHz with Band n71 or Band n105.  Hence, broadcast spectrum is only available up to 612 MHz or lower.  In countries deploying Band n28 for IMT, the uplink begins at 703 MHz.  To manage interference, broadcast channels should ideally be located below 698 MHz or lower.
Besides the regional spectrum allocations between broadcast and IMT, another reason to define regional bands is the UE feasibility as described above.  A narrower band covering only a portion of the UHF band can be implemented in the UE with a narrower filter enabling possible rejection both within the UHF frequency range to help mitigate other DTT blockers as well was outside the UHF frequency range to possibly enable a future concurrent IMT service in a cellular band.  A narrower band may also allow for improved requirements for example reference sensitivity not only because of the reduced insertion loss, but also since these requirements must apply across the entire band a wider band generally specifies the requirement as the worst case across the entire band.  
Observation 5:  Smaller regional bands may be advantageous for UE performance, feasibility, and possible rejection in other bands to enable future concurrent operation or to provide better blocker resistance in countries where the entire UHF band is not available for broadcast.
To help decide on how to define these bands, some understanding of the UE filter performance would be beneficial.  Unfortunately, this requires extensive filter simulations or the ability to leverage existing filter designs.  For example, it was proposed in [2] to reuse the Band n71 or Band n105 filter as the basis for one of the bands.  Since these filters have been studied extensively and are already commercially available at least for Band n71, they can easily serve as the basis for a new band.  Other possible band definitions may require more simulation work.
Observation 6:  The filters for Band n71 and Band n105 have already been well studied, so can serve as the basis for a new band.  Other new band proposals may require further filter simulations and studies and can be added in the future.
Proposal
Based on the above, we propose a single large band to be defined covering the entire UHF spectrum based on the filter data provided or additional filter data if available.  It is understood the performance of this band, especially with regard to blocking interference and possible future concurrent operation between 5G broadcast and IMT service may be degraded or not even possible.  It is also understood that the band may not be suitable for all countries where broadcast spectrum is not allocated across the entire UHF spectrum or there is adjacent service just outside of the band.
In addition to a single band, smaller regional bands are also proposed to be defined.  Since the only data available at the moment is for bands n71 and n105 and these are the only 3GPP bands that overlap the UHF spectrum, these can be used as the basis for a regional band.  Other bands can be added in the future based on request from interested parties.
Conclusion
Band identification to cover the UHF frequency range for 5G broadcast has been discussed in this contribution.  A possible filter to be used for the entire UHF frequency range from 470 – 710 MHz has been presented.  This filter has significantly different performance characteristics than traditional cellular filters so that performance is expected to be degraded.  In particular, blocking protection and possible future concurrent operation between 5G broadcast and IMT service in a different band may be degraded or not even possible depending on the band.  Other aspects of the UE design including LNA gain and noise, antenna frequency, and wideband matching should also be considered when deriving specifications for the band.  
In addition to the single large band, it is also proposed to define smaller regional bands within the UHF frequency range.  Unfortunately, the determination of such bands and the required technical studies are nontrivial and may require new simulations to ascertain expected performance.  It is therefore suggested to use Band n105 which is well studied as the basis for a smaller band (suitable for countries where IMT is not deployed in 600 MHz).  Further bands can be added in the future based on request.
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