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1. Introduction
In this contribution we study the low power television (LPTV) interferer implications to UE requirements and performance.
2. Discussion
This topic has been addressed previously in [1] and [2] during the TSG RAN WG4 Meeting #56. The potential interfarence scenarios and the most critical interference mechanisms in the Band 12 UE receiver are outlined in Table 1.

Table 1 Band 12 LPTV interference mechanisms

	
	Interferer

	Wanted signal
	Block D
	Block E

	Block A
	IMD3 with TX
	RX ACS, Xmod with TX

	Block B
	IMD3 with TX
	IMD3 with TX

	Block C
	-
	IMD3 with TX


The most critical scenario from mitigation perspective is the combination of the wanted signal in Block A and interferer in Block E see figure 1. This is very challenging in terms of duplex filter design, receiver linearity and especially adjacent channel selectivity (ACS). Also the scenario with the interferer in Block E and LTE RX in Block B or C is critical in situations where the interferer is at half-duplex distance from the UE TX and RX. Block D interferer is deemed to be less critical from RX point of view, because the duplex filter can attenuate the interferer significantly. However, there may be issues in TX intermodulation at half-duplex frequency.
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Figure 1 US lower 700 band arrangement
2.1 Considerations on UE receiver linearity

To quantify the implications from receiver linearity point of view (IMD3 and cross-modulation) of the Block E interferer some simulations have been made. The basic assumptions are listed in Table 2:

Table 2 Simulation assumptions

	UE RX noise figure
	10 dB

	UE RX IIP3 at RFIC input
	-10, -7 and -5 dBm

	RX insertion loss of duplex filter
	3 dB

	TX / RX isolation of duplex filter
	50 and 58 dB

	LPTV blocker level at RX input
	-30 and -35 dBm

	Relative attenuation of TV blocker
	-5 dB without guard band

	
	-7.5 dB with 1 MHz guard band

	UE TX and RX channel bandwidth
	5 MHz (actual BW 4.5 MHz)

	UE Tx output power 
	PCMAX_L – 4 dB = 18 dBm


The LPTV blocker has been modelled as 6 MHz wide LTE uplink signal.

The first simulation concerns the IMD3 and cross-modulation effects at two different LPTV blocker levels, two duplex filter isolation values and with and without the guard band. The RX IIP3 was -10 dBm in all cases. The results are collected in Table 3. The word “desense” is to be interpreted as “the degradation of the SINR within the RX banwidth”. The parameters and results shaded in green correspond the ones used in [1].
Table 3 IM3 and Xmod simulation results

	 
	IM3 desense 
/ no GB
	IM3 desense 
/ 1 MHz GB
	Xmod desense 
/ no GB
	Xmod desense 
/ 1 MHz GB

	Dupl isol.
	Blocker level (dBm)
	Blocker level (dBm)
	Blocker level (dBm)
	Blocker level (dBm)

	dB
	-35
	-30
	-35
	-30
	-35
	-30
	-35
	-30

	58
	1.2
	6.6
	0.2
	3.2
	2.7
	6.2
	0.9
	2.5

	50
	5.1
	13.6
	2.2
	9.1
	11.5
	16.3
	7.6
	12.0


It can be seen from these results in table 3 that:

1. The desensitization is tolerable with and without the guard band when using the same parameters as in [1]
2. Increasing the blocker level or/and reduction of the TX/RX isolation of the duplex filter quickly degrades the performance.

3. The 1 MHz guard band proposed by [2] reduces the desesitization by 3…4 dB in most cases. Only in the cases where the desensitization is small to begin with, the guard band does not improve the performance much.

4. The blocker level of -30 dBm is very challenging even with a good duplex filter.  

In Table 4 it has been simulated the effect of improved UE RX linearity (IIP3). The TX/RX isolation of the duplex filter is 50 dB in these simulations.

Table 4 effect of improved UE RX linearity (IIP3)
	 
	IM3 desense 
/ no GB
	IM3 desense 
/ 1 MHz GB
	Xmod desense 
/ no GB
	Xmod desense 
/ 1 MHz GB

	RFIC IIP3
	Blocker level (dBm)
	Blocker level (dBm)
	Blocker level (dBm)
	Blocker level (dBm)

	dB
	-35
	-30
	-35
	-30
	-35
	-30
	-35
	-30

	-10
	5.1
	13.6
	2.2
	9.1
	11.5
	16.3
	7.6
	12.0

	-7
	1.5
	7.7
	0.5
	4.4
	6.9
	11.2
	3.6
	7.1

	-5
	0.5
	4.6
	0.0
	2.2
	4.6
	8.4
	2.0
	4.6


It can be seen from these results in table 3 that:

1. Improving the IIP3 helps both half-duplex IM3  and Xmod case

2. The benefit from the 1 MHz guard band to desensitization reduction is still 3…4 dB in most cases.

3. -30 dBm blocker level is still quite challenging.

2.2 Considerations on UE receiver adjacent channel selectivity

Another and probably more relevant issue than linearity in the case of Block A / Block E scenario is the adjacent channel selectivity (ACS). 3GPP TS 36.101 defines two ACS cases with wanted signal levels of REFSENS + 14 dB and -56.5 dBm (up to 10 MHz bandwidth), respectively . The ACS requirement  for the UE is 33 dB
Assuming -35 dBm and -30 dBm LPTV blocker levels, the resulting ACS requirements in Case 1 scenario with wanted signal at REFSENS + 14 dB are listed in Table 5.

Table 5 ACS requirement vs blocker level and duplex filter attenuation

	 
	ACS requirement / 5 MHz
	ACS requirement / 10 MHz

	Duplex filter atten. (dB)
	Blocker level (dBm)
	Blocker level (dBm)

	
	-35
	-30
	-35
	-30

	0
	48.0
	53.0
	45.0
	50.0

	5
	43.0
	48.0
	40.0
	45.0

	7.5
	40.5
	45.5
	37.5
	42.5


With these blocker levels the resulting ACS requirements would require 10dB or more additional ACS margin when compared to existing 3GPP requirements in most cases. On the other hand, if the existing ACS requirements would be kept, the maximum allowed level of LPTV blocker in this scenario would need to be about -45 dBm, assuming no guard band (i.e. 5dB attenuation from duplex filter).

ACS Case 2 in 3GPP TS 36.101 would not be any issue, because of the high level of the wanted signal. The interferer level is already -25dBm in that scenario.

3. Conclusion

An UE designed according to existing 3GPP requirements could tolerate approximately -35dBm LPTV interferer level in Block E, when operating on channels in Blocks B or C. The critical scenario is when the LPTV blocker is at the half duplex distance from UE TX and RX and the critical UE parameters are the frequency response of the duplex filter in the transition band, RX IIP3 and TX/RX isolation.

An UE designed according to existing 3GPP requirements could tolerate approximately -45dBm LPTV interferer level in Block E, when operating on channels in Block A. The critical parameter is the adjacent channel selectivity of the UE. At least 10dB of ACS margin to 3GPP TS 36.101 ACS Case 1 would be required, if the LPTV blocker level is ≥ -35dBm in Block E and UE RX in Block A.

The 1 MHz guard band would decrease the desensitization by 3…4 dB caused by cross-modulation and intermodulation. The impact on adjacent channel selectivity is not fully quantified, but 1 MHz guard band would help 2 … 3 dB as reported by [2].

Finally if we consider locations where blocker level is more than -45 dBm and wanted signal level is close to sensitivity level those seems to be not common or are almost non-existent in real networks. When blocker level is more than -45 dBm UE must be located outdoors and therefore LTE signal level cannot be at sensitivity level if network is designed such way that there is indoor coverage. When LTE signal level is at minimum i.e. UE is indoor the LPTV blocker level is attenuated from the rare – 30 dBm case.
High LPTV signal level and low LTE signal level combination could exisit at close vincinity of some of the LPTV station. In this case UE performance degradation can be mitigated by network planning i.e. locating LTE basestations to the vincinuty of LPTV stations which are few in number compared to LTE base stations. This would increase the LTE signal level in the ares where LPTV signal level is high thus greatly reducing the performance impact of LPTV signal.
If new blocker test for block E is specified with blocker level > - 45 dBm it will require a re-design of the RF IC’s thus delaying the deployment of band 12 UE’s and in addition increase in Rx current consumption thus degrading the UE operation times. When we consider the implications of the new test case and the rare occurrence of problematic co-existence situation in real network deployment our conclusion is that no new blocking test case should be specified.
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