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1. Introduction

This document is provided as discussion related to prior contributions on the 700 MHz bands to be used in the US and also the proposal for a new band (Band 15) to include only a portion of the Lower 700 MHz band [1].  
2.  Background
The band plan for the Lower 700 MHz band and the allowed power limits (ERP) are shown in Figure 1 below.  Currently, AT&T has acquired spectrum licenses in only the B and C Blocks as indicated in the shaded blocks in the figure.  The digital TV (DTV) broadcast stations on channels 51 and below are permitted to transmit up to 1 MW ERP.  The unpaired D and E Blocks are permitted to transmit up to 50 kW and some of these stations are already in service on D Block with MediaFLO broadcast service for mobile devices.  It is expected that similar transmitters and power levels will be used in E Block.  The transmit power limits for the paired blocks (A, B, and C) are given in terms of power spectral density as 1 kW/MHz and this is approximated as 6 kW although the expected power levels for 2-way services are expected to be much lower than the maximum limit (expected to be 500 to 1000 W ERP, similar to cellular service at 850 MHz).  The paired C Block is also allowed to transmit up to 50 kW for broadcast services but it is assumed that the C Block will be used for 2-way services in combination with B Block and will be limited by the 1 kW/MHz level.  Note that the limit for the Upper 700 MHz blocks is also 1 kW/MHz and this means the 11 MHz block is allowed up to 11 kW.  However, it is assumed that that block will also be used for 2-way services and will have power levels similar to B and C Blocks in the Lower 700 band.
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Figure 1.  Band plan and power (ERP) limits for the Lower 700 MHz band.
As mentioned above, it is expected that the E Block will be used for broadcast type services such as MediaFLO, DVB-H, etc., and will transmit at 50 kW ERP.  As shown in Figure 2 below, during the recent 700 MHz auction MediaFLO (Qualcomm) won licenses in California, New York, etc., shown in white with the remaining licenses won by Frontier (Echostar) shown in red.  While it is not completely clear what technology will be deployed by Frontier it is likely that many large metropolitan markets will have broadcast services on E Block at high power (i.e. 50 kW ERP).  
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Figure 2.  E Block licenses (6 MHz channel, unpaired).
(MediaFLO white, Frontier red)

The 700 MHz band plan and the allowed power limits introduce scenarios that have never occurred up to now and have not been addressed in the past in the 3GPP specifications.  In particular, the band plan includes a narrow duplex gap (12 MHz), a relatively small duplex distance (Rx-Tx = 30 MHz), and the presence of strong interfering signals that fall directly into the duplex gap needed for two-way services.  These issues, and in particular the strong interferers, will require some issues to be resolved in the specifications.  
3.  Technical Issues

UE Receiver Performance
In the present analysis the following points are assumed: 

· For two-way services on A, B, and C Blocks the UE must be able to operate at a level close to the reference sensitivity with strong signals present on the D and E Blocks.  As explained above, AT&T is primarily concerned with two-way operation on the B and C Blocks only. 
· Typical duplex filters must account for tolerances due to temp. variations (approx. 2 MHz), manufacturing process (approx. 1.5 MHz, etc.  It also takes a few MHz of spectrum to achieve a significant level of attenuation in the filter.  Thus, it is unlikely that a typical filter can reject signals in the first 5-6 MHz outside of the intended receive pass band (i.e. very little rejection in the first adjacent channel block)
· Several values are used from the UE specifications (TS 25.101) and it is assumed that the values for LTE will be similar.  

As noted above, high power broadcast services have already been deployed on the D Block and are also expected to be deployed on the E Block.  These systems are allowed to operate at 50 kW ERP with some additional limits on their emissions.  From Part 27.55, the power flux density at ground level is limited to 3000 μW/m2 within 1 km of the transmitter location.  Assuming an isotropic receive antenna this is equivalent to a received power of -13.8 dBm.  However, since these transmitters are generally located on high towers (200m-500m) with little antenna downtilt, the actual signal power at ground level may be somewhat lower due to the reduced antenna gain in the direction toward the ground (e.g. Rx power of -25 to -30 dBm w/ 0 dBi UE receive antenna).  A sample link budget is shown in the table below.

	
	
	Units
	Notes

	E Block Tx Power (ERP) =
	50
	kW ERP
	725 MHz, E Block

	Tx power (EIRP) =
	79.13
	dBm EIRP
	Convert to EIRP

	Tx tower height =
	200
	m
	

	Distance to Victim UE =
	500
	m
	Distance from base of tower

	Antenna gain reduction =
	-10
	dB
	Due to Tx ant. pattern in direction of UE

	Path loss =
	-84.27
	dB
	< 1 km so free space loss is assumed

	Other losses =
	-10
	dB
	Blockage, body loss, etc.

	UE antenna gain =
	0
	dBi
	Assumed isotropic Rx antenna

	UE Rx power =
	-25.14
	dBm
	Blocking signal level in E Block


Table 1.  Sample link budget for E Block signal into UE receiver.

As noted in the table, the broadcast transmitter antenna height is assumed to be 200 meters and the UE is at 500 m distance from the base of the tower.  In this case, free space loss is assumed since the Hata model is valid only for distances > 1 km.  Note that the peak ERP is reduced by 10 dB due to the elevation pattern of the transmit antenna and an additional loss of 10 dB is also included to account for blockages in the signal path, body loss, etc.  In this case, the azimuth pattern of the antenna is assumed isotropic and so there would little variation in azimuth.  For reference, antenna pattern data for typical broadcast antennas can be found at [2].  While the UE may have an antenna gain somewhat below 0 dBi this can be easily included and would reduce the received power by a few dB.  With the same assumptions as above but with a 1 km spacing, the Rx power at the mobile is estimated as -30.7 dBm.  Note that this is also similar to the value predicted at 1 km by the urban Hata model (Rx power = -33.4 dBm, pathloss = 112.57+29.13log(d)) and the suburban Hata model (Rx power = -24.0 dBm, pathloss = 103.17+29.13log(d)).  From these estimates it is assumed that the UE will be subjected to strong signals (approx. -25 to -30 dBm) within 1 km of D and E Block transmitters.  
Assuming that the UE is operating on A Block, it must have sufficient selectivity to reject the interfering signal in E Block.  In the current UMTS specifications the ACS is given for two cases.  In Case 1 the desired signal is at REFSENS+14 dB and the interferer is at -52 dBm leading to an ACS value of 33 dB.  In Case 2 the desired signal is at REFSENS+41 dB and the interferer is at -25 dBm, also leading to an ACS value of 33 dB.  However, neither of these two cases addresses the case of a UE operating at a point close to the reference sensitivity while in the presence of a strong signal due to MediaFLO or other high power transmitters which is a scenario that may occur depending on the location of the E Block transmitters and cell towers.  In this case, the desired signal would be similar to Case 1 REFSENS+14 dB (or even lower) and the adjacent channel interference could be as high as -25 to -30 dBm .  If the duplex filter could provide attenuation for the interfering signal it would help to mitigate this problem.  However, as mentioned above, little or no attenuation is provided by the duplex filter in the block adjacent to the desired pass band.  In this case, operation on A Block may be problematic.  
A similar situation exists for a UE operating on B Block with a strong interfering signal on E (or D) Block.  In this case, the in-band blocking specifications are used and for a UE operating on B Block at REFSENS+3 dB, a signal on E Block can be as high as -56 dBm (assumed at 10 MHz offset although in the case of the 700 MHz band this offset would be approx. 12 MHz).  In this case, with an interfering signal at -30 dBm, an additional attenuation of 26 dB is needed.  This could be accomplished with the duplex filter provided that a Band 15 approach is used so that the duplexer passband includes only the B and C Blocks.  In this case, the desired filter attenuation can be achieved at 6 MHz outside the edge of the intended passband.  Without this attenuation provided by the duplexer the UE would be impacted at a distance of 8.7 km from the E Block transmitter (assuming suburban Hata model w/ 10 dB additional loss for blockage, body loss, etc.).  In addition, in some markets it is probable that both E Block and D Block will be on the air with high transmit power.  AT&T currently believes that the Band 15 approach will provide performance for the UE that is consistent with the performance on other bands that do not have the more extreme operating conditions.  
In addition, as noted in [1], the broadcast signals on Channel 51 and the D and E Blocks may mix with the UE’s own transmit signal to produce intermodulation (IM) products that may fall into the UE receive band (and could affect the UE’s own receiver or another nearby UE if the IM signal is re-radiated).  The table below shows the possible IM components and the resulting signals (center frequency).  Of particular concern are the products that fall into the B and C Block UE receiver.  In addition, the bandwidth of IM products will be wider than the signals themselves and would affect multiple blocks.  Furthermore, AT&T has the option to use a 10 MHz LTE carrier that spans both the B and C Blocks and these signals could mix with an E Block signal and fall into the 10 MHz receive band.  
	Broadcast Signal (F1)
	UE Transmit Signal (F2)
	IM Center Freq. (2xF2-F1)

	Channel 51
	B Block
	719 MHz (D Block)

	Channel 51
	C Block
	731 MHz (A Block)

	D Block
	B Block
	731 MHz (A Block)

	D Block
	C Block
	725 MHz (E Block)

	E Block
	B Block
	743 MHz (C Block)

	E Block
	C Block
	737 MHz (B Block)


Table 2.  IM Products due to Broadcast signals and UE transmitter.

In terms of the specification, the IM response is evaluated at REFSENS+3 dB and the receiver must meet the performance target with interfering signals at -46 dBm at offsets of 10 MHz and 20 MHz.  In this case, the duplex filter must attenuate an external signal by at least 16 dB to meet the current specification.  In the case of a Band 12 duplexer this would not be possible if the external signal is in the E Block but this would be mitigated in the case of Band 15.  Without this attenuation the UE would be affect by IM at a distance of 6 km from the E Block transmitter.  
Previous contributions on the 700 MHz band have also identified the possibility of interference to a UE receiver due to the out of band emissions from the MediaFLO, or other, transmitters operating on D and E Blocks.  In this case, the interference cannot be reduced through filtering in the UE.  However, it is generally expected that the out of band emissions from these types of UHF transmitters will be significantly lower than the general FCC limit (although this cannot be guaranteed through regulatory rules).  For example, for transmitters operating in the Lower 700 MHz band the out of band emission limit is -13dBm / 100 kHz.  However, as can be seen in a regulatory compliance report by Harris Broadcast Corp. [3], the actual level of the OOBE measured after the transmit filter is approx. -47 dBm / 100 kHz.  Using this transmit power for the OOBE, a link budget is shown in Table 3 below to estimate the impact on the UE receiver.  In this case, at a distance of 500 m the OOBE is well below the noise floor of the victim UE.  Thus, it can be assumed that the other interference aspect analyzed above will be the main sources of interference in the Lower 700 MHz band.  
	
	
	Units
	Notes

	Tx power =
	-47
	dBm/100kHz
	D or E Block OOBE emission level

	Tx power =
	-30.5
	dBm/4.5 MHz
	Convert to 4.5 MHz

	Tx line loss =
	2
	dB
	

	Tx antenna gain =
	14.1
	dBi
	= 12 dBd

	Tx tower height =
	200
	m
	

	Distance to Victim UE =
	500
	m
	Distance from base of tower

	Antenna gain reduction =
	-10
	dB
	Due to ant. pattern in direction of UE

	Path loss =
	-84.27
	dB
	< 1 km so free space loss is assumed

	Other losses =
	-10
	dB
	Blockage, body loss, etc.

	UE antenna gain =
	0
	dBi
	Assumed isotropic Rx antenna

	UE Rx power =
	-122.67
	dBm/4.5 MHz
	OOBE level in UE receive block


Table 3.  Sample link budget for OOBE from D or E Block transmitter to UE receiver.

UE Transmitter Performance
Earlier contributions have examined the self-desense issues related to LTE transmissions when the signal bandwidth is 5 MHz, or greater.  Since the total amount of isolation that can be achieved in a Band 15 duplexer is approximately the same as in a Band 12 device the self-desense issue may not be improved.  However, there are other advantages to using a Band 15 approach for the UE transmitter.  Since the filter passband is smaller, the insertion loss may be slightly less than a Band 12 duplexer.  Also, to avoid interference to mobile devices receiving signals on the D and E Blocks the out of band emissions from the UE should be reduced as much as possible.  With a smaller passband, a Band 15 UE may exhibit lower out of band emissions.  Similarly, a mobile device transmitting on the A, B, or C Blocks could cause interference to a DTV receiver operating on Channel 51.  Since AT&T plans operations on only the B and C Blocks, the Band 15 approach offers the possibility that emissions into Channel 51 could be reduced through the duplex filter.  
eNode-B Performance

As for the UE receiver, the eNode-B receiver must work in the presence of in-band noise due to OOBE from D and E Blocks and also the presence of strong signals on the adjacent blocks including 1 MW transmitters on Channel 51.  In general, much better filtering can be applied at the Node-B and some amount of additional isolation can be achieved through site engineering during deployment.  AT&T recommends no specific changes to the eNode-B/Node-B specifications at this time.  

4.  Conclusions
Due to the disparity of wireless services that are deployed and envisioned for the Lower 700 MHz band in the US there will be additional requirements on the UE and the eNode-B to ensure acceptable performance for two-way voice and data services in the band.  As proposed in previous RAN4 meetings some of these issues can be addressed through the introduction of an additional band in the specifications (Band 15) that includes only the B and C Blocks which are currently planned for service by AT&T.  In addition, as has been presented in this contribution, the expected signal levels due to high-powered systems in neighboring blocks may be mitigated to some degree by front-end filtering and this alleviate some of the blocking and intermodulation problems in the UE receiver.  This approach may be the preferred solution rather than impose more stringent requirements on the baseband components within the UE.  Currently, AT&T believes that this offers the best way forward and that Band 15 should be adopted in the specifications.  
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