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1    Background 
It has been proposed to introduce Band 15 as a subset of the current Band 12 to resolve certain co-existence issues [1]. The current Band 12 covers Blocks A+B+C in the lower 700 MHz band in Region 2, Band 15 would cover B+C (see Figure 1).
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Figure 1 Band plan for Region2.
There are indeed some technical benefits of introducing Band 15, but there are also drawbacks. There would be two duplexers covering part of the lower 700 MHz (it has also been proposed to limit Band 12 to A+B), which goes against economies of scales and may lead to market fragmentation. 
In this contribution, some of the co-existence issues are addressed to assess the merits of Band 15.  
2    Discussion

2.1   Digital TV in Channel 51 and MediaFLO into eNB
DTV interference into eNB RX is the most difficult of the interference scenarios considered.

For DTV in Ch51 (and MediaFLO in Ch55, Block D/E) there are two interfering mechanisms

· Out-of-band emission (OOBE) from the TV transmitter falling into the LTE RX passband

· eNB RX blocking by an adjacent TV signal. Blocks A and C then the most prone
see Figure 2. The OOBE cannot be mitigated by filtering at the eNB, it must be done at the TV transmitter. Duplex- and additional filter can mitigate the RX blocking.
OOBE is thus not relevant for the Band 15 issue, we only note that for DTV (5 MW eirp) Block A will be significantly degraded in the neighbourhood of the TV transmitter unless 25 dB extra attenuation of a power reduction is supplied at the DTV transmitter, Blocks B and C are not impacted by Ch51.
When analysing the blocking we consider a DTV transmitter with 5 MW eirp (largest transmitters typically mounted in high TV masts) and a MediaFLO at 50 kW eirp. Clearly, a Band 15 duplexer would reduce the DTV blocker level but leave the MediaFLO unaffected. 
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Figure 2  Interference from DTV in Ch51 and MediaFLO in Ch55.
The coupling between the broadcast transmitter and the eNB RX is highly dependent on the relative difference in height (see Figure 3) and the inter-site distance. Examples provided here represent worst case scenarios, in real deployments analysis must by made on a case-by-case basis. Clearly, additional filtering or different duplex arrangements in the eNB is only needed in the vicinity of the broadcast transmitter. 
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Figure 3

Considering a DTV 6 MHz interference in Ch51 the A block at 6 MHz offset from the broadcast signal will be the most impacted, an additional 35 dB of eNB filtering is needed at 698 MHz, which can be implemented at moderate loss in the RX passband. Block B will be less impacted and it suffices with a 15-20 dB additional attenuation is needed at 698 MHz. However, this can easily be achieved with an external filter for LTE sites close to the broadcast tower and is not a major reason for introducing a Band 15 duplexer.
For MediaFLO at 50 kW eirp the C block will be most impacted, but with some 20 dB extra eternal attenuation at 716 MHz the blocking can be mitigated with less than 1% degradation. Band 15 instead of Band 12 would have a very limited effect here.
To sum up: the interference from DTV at Ch51 does not in itself motivate the introduction of Band 15, for block B+C licence holders additional attenuation can be provided at the eNBs located in the vicinity of the broadcast tower.
2.2   MediaFLO into UE 

The next scenario is interference from broadcast transmitting on Ch 55 (Block E) into LTE downlink Blocks A, B and C, see Figure 1. A Band 15 duplexer would then provide extra attenuation for Blocks B and C, but A is the most critical. The broadcast transmitter power is 50 kW eirp. Blocking is the worst case interference here as compared to that of OOBE. 
The assumptions for the coexistence simulation are

· one broadcast system at 50 kW from a 138 m mast with a 12 dBi antenna

· a cellular system with a cell grid of 1000 m

The UE will be subject to a performance degradation close to the broadcast site. Figure 4 shows the degradation as a function of distance from the broadcast site for a 5 MHz channel in Blocks A, B and C at 6, 12 and 18 MHz separation, respectively. Block A is the most sensitive with a 1.3% performance degradation in the downlink. Block B is at 0.2%, a Band 15 duplexer would have reduced this further.
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Figure 4 Interference from MediaFLO into downlink Blocks A, B and C.
A 500 m high broadcast tower would also have given a 0.2% degradation for Block B. Summarizing: it is questionable if a Band 15 duplexer should be introduced based on the coexistence results considered above. 
2.3   TX IM due to DTV
The last issue considered is UE TX intermodulation of a lower 700 MHz LTE signal with a powerful DTV signal. The latter is a 6 MHz DVB-T signal in Ch 51 centred at 695 MHz transmitted at 5 MW eirp. The intermodulation occurs in the UE TX chain and may produce products falling in the UE transmit and receive bands. For UTRA, TX IM is specified as IM with a CW interferer, which will produce IM products of up to 10 MHz bandwidth. Now we have IM between two wideband signals which will produce a IM product that will interfere over a larger bandwidth but a lower PSD. 
We assume that the DTV signal is centered at 
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 with the LTE transmitted signal at 
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 (centered at Blocks A, B and C or combinations). The IM product is produced from the sum of the DTV and LTE signals
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where A and B are bandpass signals of bandwidths equal to the DTV and LTE signals, respectively. The TX nonlinearity is modelled as
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Now, the 3rd order intermodulation product will appear at the following frequencies with amplitudes
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The IM product at
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 falls into the broadcast band. The product at 
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may fall into the receive band, considering its amplitude and using the supports of convolution in the spectral domain, it follows that it’s located at
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with regard to the LTE transmitted signal. Table 1 shows the frequency of this IM3 product in relation to the UE receive bands for various scenarios and LTE bandwidths

Table 1. IM3 in relation to the LTE receive band for a 6 MHz DTV interferer in Ch 51.
	LTE Block
	Interferer separation f

MHz
	IM3 frequency

MHz
	LTE receive band

MHz

	A (5 MHz)
	6
	699-715
	728-734

	B (5 MHz)
	12
	711-727
	734-740

	C (5 MHz)
	18
	723-739
	740-746

	A+B (10 MHz)
	9
	700-726
	728-740

	B+C (10 MHz)
	15
	712-738
	734-746


For the 5 MHz LTE cases the IM3 will not overlap with the receive bands and the TX duplexer will provide more than 40 dB of attenuation outside the transmit band, so these products will likely not be blocking the UE receiver. The level depends on the linearity of the TX, the intermodulation requirements and required linearity is still TBD in TS 36.101.
There may be a problem for 10 MHz channels in B+C where part of the IM product will fall into the receive band (a problem even if the duplexer provides attenuation). The TX filter of a Band 15 duplexer could then decrease the DTV signal, but the reduction as compared to a Band 12 duplexer is still TBD as there are few 700 MHz filters available at present (ongoing work). 

Looking at the frequencies of the IM3 products it appears that the only scenario that motivates a Band 15 duplexer is the 10 MHz LTE allocation in B+C for terminals used in the vicinity of broadcast transmitters. TX IM problems would of course also be alleviated for Block B channels. 
3   Proposal
Collecting the results  

· starting with the most difficult case, DTV and MediaFLO interference into eNB, we note that this requires additional filtering in the eNB in the vicinity of the broadcast tower for duplexers involving Block A (i.e also for the current Band 12), for Block B the filter requirements are less stringent
· MediaFLO interference into the LTE downlink will be most severe for Block E broadcast into Block A downlink, but it appears that the degradation does not translate into more than a percent of performance loss for LTE
· TX IM could be a problem for B+C licence holders when 10 MHz channels are deployed near big 5 MW eirp DTV transmitters

The first item above can be solved by external filters at the eNB close to the broadcast site and does not motivate a Band 15 duplexer in all eNB since the requirements on the external filter for Block B+C would not be difficult (Block A provides a guard). MediaFLO interference into Blocks B and C is a smaller problem than A assuming a Band 12 duplexer.
The TX IM in the vicinity of high-power broadcast transmitter will be alleviated for Block B, but the extra attenuation of the TX dupler is still uncertain. The isolation has to provided on the “wrong” side of the TX duplexer filter that needs to provide high attenuation in the RX band on the other side of the passband.
Unless there is a severe problem with TX IM and difficult MediaFLO into LTE UE interference scenarios into can be identified, Band 15 should not be introduced considering the risk of market fragmentation. However, the interference issues will remain for Block A holders regardless of Band 15 and still needs to be resolved. Nevertheless, the risk of interference will always be higher for Block A holders.
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