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Introduction
RAN4 work on LTE based 5G broadcast is now kicked off after the completion of part 1 work by RAN1/2/3 [1]. In this contribution, open issues on band definition are discussed according to the agreed WF [10] from RAN4#104-bis-e in the following.
Sub-topic 2-1: UE filter feasibility to cover the entire UHF band
5G Broadcast is planned to be deployed across the entire UHF band from 470 – 694/698/702 MHz. The presumes that every channel can be used in terms of 6, 7 and 8 MHz carrier bandwidth. This requires appropriate RF filtering on the UE side. No agreement could be achieved so far whether this can be accomplished with a single RF filter spanning the entire band, or whether several RF filters would be needed. The first view is based on experience gained with mobile DTT technologies such as DVB-H, while the second view refers to existing mobile UE capabilities.  
Way forward: Further evidence is needed. Companies are invited to provide technical information to support respective views in order to decide on 
· 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.
Sub-topic 2-2: Reuse of n71/n105
Way forward: Wait for the conclusion of sub-topic 2-1
Sub-topic 2-3: Band(s) definition
Way forward: Wait for the conclusion of sub-topic 2-1



Discussion
UE filter feasibility was discussed in RAN4#104-bis-e [11]. Some companies claim that the mobile TV receiver (such as DVB-H) has been already available in the market that can support the entire UHF band. Other companies claim that the single filter cannot provide sufficient out-of-band blocking requirement for such a wideband filter.
Although both seem to be true, it is necessary to clarify what blocking requirement is needed for LTE based 5G terrestrial broadcast receiver filter.
Indeed, DVB-H receivers (as is Nokia aware of) were developed before band 28 was introduced. The stringent blocking requirement for DVB-H (for 470-862MHz) was from GSM900 uplink (880-915 MHz) where 18 MHz guard band is available. We believe a single filter was implemented for such devices in the past. Reference receiver model in [12] assumed GSM reject filter with 1 dB insertion loss and overall noise figure of 6 dB. For in-device coexistence with GSM900, usable frequency for DVB-H was limited to channel 49 (698 MHz).
Observation 1: For legacy DVB-H receiver implementation guideline, only GSM900 rejection filter was considered. For in-device coexistence, usable frequency was limited to channel 49 (698 MHz).
DVB-T/T2 receiver standard EN 303 340 now specifies the adjacent channel selectivity requirement which is needed for the coexistence with band 20 and 28. The minimum required I/C limit is 25 dB for adjacent channels (+/-8 MHz), 38 dB at 708 MHz (i.e., Band 28 LTE UE TX with 9 MHz guard band) and 43 dB at 763 MHz (band 28 LTE BS TX) as specified in Table 5 of EN 303 340.
According to a filter data shown in [11], it may be challenging to provide enough attenuation at 763 MHz with a single filter implementation. Thus a single filter does not seems feasible if band 28 coexistence is required in the EN standards. It is expected at least two Rx filters are needed to cover the entire UHF.
Observation 2: A single wideband filer does not seem feasible if band 28 coexistence is required in the EN standards.

However, we still believe that splitting the UHF band into a few sub-bands should not be driven by the filter implementation feasibility. It should be driven by market demands. If the broadcast service is launched in the market, the device shall support all the broadcast channels for the market. It is not allowed to support only a subset of broadcast channels. If a market only allocates a portion of UHF band for 5G broadcast services, it is possible that the device for such market only supports that portion of the band.
Observation 3: Splitting band into sub-bands should not be driven by filter implementation feasibility. It should be driven by market demand, as normally the devices are required to support all TV channels in the market.

It is not clear if 5G broadcast services are restricted to a portion of UHF band. Once 5G broadcast service is launched, no restriction is expected w.r.t which channel is available for 5G broadcast. TV channels are frequency reused over regions and coordination is required as in GE06 agreement. Once 5G broadcast is widely deployed, it is unlikely that 5G broadcast channels are limited to a particular sub-band due to such coordination constraints. Exception would be the case that a portion of UHF band is allocated to FDD bands such as band n71 (US 600) and n105 (APT 600). For such region, the band below n71 or n105 is possibly available to 5G broadcast. For other regions, the band is still for broadcast. Each device is expected to support all the TV channels as TV channel assignment would need to be flexible.
Observation 4: It is a most likely scenario that UE is required to support the entire band 470-694/698/702 MHz for maximum flexibility of 5G broadcast channel assignment, except for the regions that deploy n71 or n105. 

In RAN4#104-e, several companies requested to define a band for LTE based 5G Terrestrial Broadcast covering the spectrum range 470 – 698 MHz to be used in terms of 6, 7 or 8 MHz carrier bandwidth. We understand this portion of the band has the most demand to launch the 5G broadcast services. Although there may be other demands, it is proposed to assume this band as the first priority to make the work forward. If other demands are identified (such as a subband required for a certain region), it can be considered how to incorporate such a demand, either to define another band for them, or to combine bands in some ways.
We understand the single filter is not feasible, so this would require at least two UE Rx filter to cover 470-698 MHz.
Proposal 1: It is proposed to introduce a band for LTE based 5G Terrestrial Broadcast covering the frequency range 470 – 698 MHz assuming multiple UE Rx filters.
Proposal 2: Sub-bands are further considered when such a market demand is identified.

Conclusion
Observation 1: For legacy DVB-H receiver implementation guideline, only GSM900 rejection filter was considered. For in-device coexistence, usable frequency was limited to channel 49 (698 MHz).
Observation 2: A single wideband filer does not seem feasible if band 28 coexistence is required.
Observation 3: Splitting band into sub-bands should not be driven by filter implementation feasibility. It should be driven by market demand, as normally the devices are required to support all TV channels in the market.
Observation 4: It is a most likely scenario that UE is required to support the entire band 470-694/698/702 MHz for maximum flexibility of 5G broadcast channel assignment, except for the regions that deploy n71 or n105. 
Proposal 1: It is proposed to introduce a band for LTE based 5G Terrestrial Broadcast covering the frequency range 470 – 698 MHz assuming multiple UE Rx filters.
Proposal 2: Sub-bands are further considered when such a market demand is identified.
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