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Introduction
In the scope of Release 18, a new WI on New bands and BW allocation for 5G terrestrial broadcast [1] has been approved by RAN. 

One objective is to specify band(s), within the portion of UHF spectrum allocated to broadcast, that support the channelization available to broadcasting operators.

This contribution is based on our RAN4#104-bis-e contribution [3], further discussing this aspect.
 
Discussion 
Background
In last RAN4#104-bis-e meeting, there was further discussion on the band(s) definition for 5G broadcast with an agreed way Forward ([2]) mentioning the following: 

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.



Filter aspects
As mentioned in our past contribution [3], with ~40% relative bandwidth, SAW type of band-pass filter isnot an option. Instead, multilayer ceramic low-pass filters should better be considered.  We found existing filters covering the targeted frequency range (e.g. TDK DEA160710LT-5023B1), with a decent size for handheld devices (1.6x0.8x0.45mm). 
Observation1: Today, filters covering the 470-702MHz frequency range for handheld usage exist.
Nevertheless, looking at this specific filter (TDK DEA160710LT-5023B1) datasheet (Figure 1), this filter has ~1.5dB typical insertion loss in 600-710 MHz and ~3dB typical (4dB max.) in 710-770 MHz. Also, it has ~33dB typical attenuation but for the 880-915 MHz frequency range. For lower frequency range, its attenuation is much lower, as it could be seen in Figure 1.  
[image: ]
[bookmark: _Ref115118227]Figure 1: TDK DEA160710LT filter: insertion Loss and attenuation
Such filter would not protect 5G Broadcast from any band in the 702-770 MHz frequency range (e.g. n12) or if used in regions where the 600 MHz band is used for cellular service. Also, from the above figures, this filter doesn’t look having a good enough roll off to give a relevant protection from the adjacent bands. 
During the RAN4#104-bis-e meeting, Qualcomm shared some other filter figures, with 6.3 dB max insertion loss from 672 – 694 MHz but only 5 dB min attenuation at 758 – 803 MHz.
Based on those figures, a filter covering the full 470-694/698/702 MHz band would have almost no rejection at band edge. If such band would be defined, the UE blocking requirement would have to be extremely relaxed, providing almost no protection from adjacent bands. 
Observation2: With a full 470-694-/698/702 MHz band, the UE blocking requirement would be so relaxed that it won’t give any protection from the adjacent bands or in regions where the 600 MHz band is used (n71 or n105). 

Antenna efficiency 
Even if we already mentioned this issue in last meeting, the antenna efficiency was not really discussed while this is also a key aspect when specifying a band.
In the field of antennas, the difficulty of constructing an antenna to meet a specified absolute bandwidth is easier at a higher frequency than at a lower frequency. To maintain a good network performance, keeping acceptable coverage, the antenna efficiency (antenna gain) should be as high as possible, optimizing the antenna(s) when possible. 
Considering one unique band for 5G broadcast service, covering the 470 - 694/698/702 MHz frequency range, its relative bandwidth would be ~40%, which would make any small antenna design for handheld device challenging. Furthermore, the form factor may also require that the same antenna element(s) would be used also for adjacent cellular bands further extending the range in which matching must be made.
Observation3: A new band covering the 470-702 MHz frequency range would have a relative bandwidth of ~40%.
Observation4: With  40% relative bandwidth, an efficient antenna design for such band would be challenging.
We should then try to keep this relative bandwidth as low as possible and most likely not exceed the ~15% value. Based on this, instead of defining one unique band, RAN4 should then better target defining 3 sub-bands covering the 470-702 MHz frequency range. 
Proposal1: To limit the 5G broadcast bands’ number without impacting antenna design efficiency, RAN4 should specify at least 3 sub-bands covering the overall 470-702MHz frequency range.

Other aspects
By defining a broadcast band which is overlapping the existing NR 600 MHz bands, it would be possible to reuse most of the NR UE hardware design. Such UE could then also support 5G Broadcast (at least some channels). 
Reusing NR UEs supporting 600MHz bands (e.g. NR band n105 or n71) ecosystem would then be highly beneficial for the development of 5G broadcast services, reducing cost, effort and lead time to get UEs on the market. 
Observation5: Specifying a sub-band located in the upper frequency range of 470-702MHz would enable reusing NR UE ecosystems supporting NR 600MHz bands and facilitate 5G Broadcast development. 

Summary and bands proposal
In the previous sections, we made the following proposals:
· Define 3 sub-bands in the 470-702 MHz frequency range for 5G Broadcast service. This is motivated by antenna efficiency  and filter performance aspects.
· Define an upper sub-band covering the NR 600MHz bands. This is motivated by better protecting the lower 5G broadcast sub-bands and reusing as much as possible the NR UEs ecosystem supporting the NR 600MHz bands.
Based on this, we initially proposed to specify the following 3 bands, aligned with an 8 MHz channel bandwidth: 470-542 MHz, 542-606 MHz and 606-702 MHz.
Nevertheless, this bands definition would have the drawback that, for broadcast system with 6 or 7 MHz channel bandwidth, some channels would not be supported.
To address this issue, we would then better propose the following bands definition for which all broadcasting channels could be supported, whatever channel bandwidth is considered: 470-542 MHz, 540-606 MHz and 602-694/698/702 MHz.
Proposal2: RAN4 should specify the following 3 bands for 5G Broadcast service: 470-542 MHz, 540-606 MHz and 602-702 MHz.
We understand that the UE filter feasibility would still be an issue as the 3 bands remain quite large (60-100MHz), meaning UE RF requirements would have to be relaxed but not as much as with a single very large band. 
If this is still considered as not acceptable, then the only alternative would be to specify more smaller bands as suggested in [3] where 9 bands of 27-40 MHz width have been proposed. Or even better, the following Table 1 gives another similar alternative with only 7 bands , and 2 bands exactly overlapping n105.
[bookmark: _Ref118312123]Table 1: Bands of less or equal 40MHz width overlapping n105
	FDL_low
	FDL_high
	BW
	% BW
	

	470
	506
	36
	7.38
	

	502
	542
	40
	7.66
	

	540
	578
	38
	6.80
	

	574
	614
	40
	6.73
	

	612
	652
	40
	6.33
	n105_DL

	646
	678
	32
	4.83
	

	663
	703
	40
	5.86
	n105_UL






Conclusion
In this contribution, we made the following observations and proposals:
Observation1: Today, filters covering the 470-702MHz frequency range for handheld usage exist.
Observation2: With a full 470-694-/698/702 MHz band, the UE blocking requirement would be so relaxed that it won’t give any protection from the adjacent bands or in regions where the 600 MHz band is used (n71 or n105). 
Observation3: A new band covering the 470-702 MHz frequency range would have a relative bandwidth of ~40%.
Observation4: With  40% relative bandwidth, an efficient antenna design for such band would be challenging.
Proposal1: To limit the 5G broadcast bands’ number without impacting antenna design efficiency, RAN4 should specify at least 3 sub-bands covering the overall 470-702MHz frequency range.
Observation5: Specifying a sub-band located in the upper frequency range of 470-702MHz would enable reusing NR UE ecosystems supporting NR 600MHz bands and facilitate 5G Broadcast development. 
Proposal2: RAN4 should specify the following 3 bands for 5G Broadcast service: 470-542 MHz, 540-606 MHz and 602-702 MHz.
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