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Introduction
In the scope of Release 18, the main objective of the work item [1] under discussion in RAN4 is to identify one or more bands within the UHF frequency range enabling 5G broadcast operation. A lot of discussion has happened over the last meetings regarding the best approach to follow for an optimal band definition. However, at the same time, only few concrete examples based on existing technical data have been provided. In the framework of the agreed way forward [2] based on the discussions carried out in the past meetings, the present contribution provides a simple “exercise” demonstrating that the existing filter’s technology could be adopted to meet 5G broadcast requirements for the UE in the sub-700 MHz band. Starting from existing technical data commercially available, filter characteristics that could fit the following set of requirements for the UE are proposed: a full-band filter covering the entire UHF frequency range with one or more sub-band filters leveraging the band n71/n105 filter components.  
It is worth pointing out that the aim of the present document is not to demonstrate which filter’s solution is better but that the suggested proposals are feasible with the existing technology. Which type of filters are more appropriate to adopt and which improvements are necessary to be made in order to allow their deployment will depend on the market demand but ultimately this decision is left to the manufacturers' implementation.
Discussion
After extensive discussion on the band definition for 5G broadcast in the UHF frequency range, RAN4#106 decided on the following way forward [2] for the UE RF part of WI [1]:
Band plan
From [1] two band plan options not mutually exclusive were identified
1. Define a single band covering the entire UHF frequency range 470 – [698/702] MHz
a. The requirements are relaxed for this band (TBD which requirements and how much) and/or
b. This band is assumed to be implemented with more than one filter in the UE (TBD how many filters and the characteristics of those filters)
2. Define smaller bands 
a. At least one of the bands overlaps with Band n105 DL to reuse n105 Rx filter
b. Specify the following bands 470-542 MHz, 540-606 MHz and 602-702 MHz.
c. Other 
Agreement from online session: 
· Define the band plan based on available data for BS and UE.  
· Full UHF band, i.e., 470 – 698MHz, 
· with reduced UE blocking
· Narrow band, i.e., 612 – 652 MHz, which is the same as the downlink operating band of n105.  
· If data for other frequency ranges becomes available before the conclusion of the work item, it can be considered either as a separate band or as a modification to initially defined bands.
Way Forward
· Further clarification and study is needed to elaborate on and quantify requirements with respect to reduced UE blocking for the full UHF band.
· All technical requirements for these bands are still to be defined.

Full UHF band 
The primary objective of the work item defined in [1] is to introduce the necessary features for LTE based 5G terrestrial broadcast to operate in the portion of UHF spectrum assigned to broadcast systems in different regions of the globe. The most straightforward approach would be the definition of a single large band covering the entire UHF frequency range 470 – 694/698 MHz that enables the greatest deployment flexibility and worldwide compatibility.  This implies that it is necessary to consider the variations in the frequency allocations and TV service deployments for the different Regions 1, 2 and 3. As a consequence, a full-band filter taking into account these variations would not provide satisfactory performance: single component filter’s roll-off would exhibit significant insertion loss in the upper part of sub-700 MHz band and at the same time would not allow the necessary rejection for the adjacent IMT uplink transmissions above 703 MHz.
The scope of the present contribution is to derive a simple exercise referring, for sake of simplicity, to a possible arrangement including a filter already existing on the market but other options are not excluded.  The starting point of the suggested solution is based on the full band filter proposed in [3] which is in production and has been used in a number of handset designs to enable broadcast TV reception. Its package size is 1.4 x 1.1 mm2 with a package height of 0.45 mm.  Despite this filter provides an acceptable insertion loss (ranging from 1.5-2.7 dB in the operating frequency band 470-710 MHz as reported in [3]), it could not be used as it is, since interference issues from the frequencies above 703 MHz allocated to IMT services would not be prevented. To fit the new band requirements with a suitable filter’s frequency response, yet still representative of what can be feasible with the same technology, a simply scaling of frequency axis has been applied to the original filter’s transfer function. This operation is perfectly representative of a simple size scaling of the existing component.
However, the depicted arrangement comes at the expense of severely impairing the reception of upper channels of sub-700 MHz band, as clearly visible in Figure 3 (black solid line). 
Observation: A single filter component impairing the reception of the upper channels of sub-700 MHz band spoils the receiver’s performance, resulting in a degraded Quality of Service/coverage. From a broadcaster perspective, this is not acceptable. 
This could be mitigated by applying additional filtering, such as SAW band pass filter operating in n71 band (for US) or n105 (for APT region). The data sheet and the transfer function for an example of SAW band pass filter produced by Murata [4], commercially available on the market for band 71 are shown in Figures 1-2, respectively.
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                             Figure 1: Filter’s characteristics in terms of insertion loss and attenuation.
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Figure 2: Transfer function of the SAW band pass filter.
So, one possibility could be to use the ‘700 MHz - scaled’ version of the full band filter proposed in [3]; however, its shallow roll-off in the passband would still affect the upper channel in the sub-700MHz frequency region. To overcome this issue, band pass SAW filters overlapping this region are inserted: one filter (continuous grey line in Fig.3) is the commercially available SAW band pass filter for band n71 [4] (as reported in Figure 2).  The dotted black line in Figure 3 for example represents the same SAW band pass filter properly scaled to a higher frequency.
[image: ]The resulting arrangement is shown in the Figure 3:

Figure 3: Transfer function of the proposed filter’s arrangement.

Adding further filters (e.g. dashed grey line in Figure 3) is a matter of balance between costs and performance, keeping in mind that the receiver needs to cope with the large number of channels in the broadcast UHF band.
Observation: With the present state-of-the-art of filter design commercially available on the market, it is possible to identify some solutions for one or more bands within the UHF frequency range enabling 5G broadcast operation.

Proposal
Based on the analysis carried out in this contribution, the following proposals are recommended:
1. Provide a full band (low pass) filter, derived by existing components (as the one reported as reference in [3]) in an appropriate overlapping scheme with existing band pass SAW filter commercially available on the market for NR UEs supporting 600 MHz bands (e.g. NR band n105 or n71), as well as band pass SAW filters derived from the aforementioned commercially available filter. The above filter’s subsystem architecture is proposed to be standardized, according to the requirements defined in [5].
2. Define a full broadcast band which is overlapping the existing NR 600 MHz bands, that would allow to reuse most of the NR UE hardware design, hence facilitating 5G Broadcast development.
3. Determine the number of additional filters to help reduce the full band filter’s insertion loss in the upper part of sub-700 MHz band while providing the necessary rejection for the adjacent IMT uplink transmissions above 703 MHz.

Conclusion
In this contribution, a simple exercise based on the current filter’s data available on the market is proposed to be considered for supporting 5G broadcast band’s definition in the scope of this work item. The proposed arrangement defines a filter for a single full-band covering the entire UHF frequency range, overlapping one (or more) SAW filters, including the already existing one defined for band n105/n71. The analysis requires a minimum effort in optimizing the filter components for the UHF operating frequency band of interest for 5G broadcast. The great advantage of this solution lies in the possibility to leverage existing filters on the market that would potentially lead costs reduction.
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