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Discussion
1 Introduction
The partitioning of lower 700MHz by FCC is shown in Figure 1 below, where band 12 UL and DL coexist with digital TV and mediaFLO.  High Power TV (HPTV) channels, Ch50 and Ch51, are allowed up to 1 MW ERP emission. Low Power TV (LPTV) channels in Block D and Block E are allowed up to 50 kW ERP. On the other hand, the terrestrial cellular network is allowed up to 1kW ERP per 1 MHz. 
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Figure 1: Region 2 Lower 700 MHz Spectrum and Band 12

Currently some operators have Block B and Block C in a significant portion of the geographic areas while some other operators have Block A in majority of the geographical areas, and Block B and Block C in some geographical areas. LTE with 5 and 10 MHz channel bandwidths would be deployed in Band 12. 

There are many challenging interference issues in Band 12 [1-2][4-11], which are summarized in Section 2 for both the UE and the eNB. A detailed analysis of the UE interference issues in Band 12 are presented in Section 3.  
2 Overview of Issues on Region 2 (US) 700 MHz Spectrum
According to the past discussions in RAN4 [1], the main issues for UE are as follows:

Issue 1: The de-sense of UE due to Tx noise in Rx band leaked through duplexer
Issue 2: UE out-of-band emission into Channel 51 and Block D receivers
Issue 3: LPTV interference to Band 12. 
On the other hand, the main issues for eNodeB are as follows:

Issue 4: The interference from HPTV and LPTV Transmitters to eNodeB Receiver
Issue 5: Interference from eNodeB to Block E Broadcast Rx
In this contribution, we focus on the analysis of interference issues at the UE terminal side, with the understanding that the interference issues 4&5 at the eNB side can be resolved by eNB implementation of receivers that are capable of interference cancellation or mitigation. 
3 Analysis of UE Interference issues
It is important to note that throughout the discussion and analysis in this section, we assume a UE duplexer that spans the whole band 12. 
Issue 1:De-sense of UE due to Tx noise
A Band 12 LTE PA output noise in the Rx band (with 30MHz offset) is typically at -123dBm/Hz. A Band 12 duplexer provides Tx ( Rx isolation in the Rx band is typically 52dB. This yields additive noise from Tx to the Rx at the LNA input to be -175dBm/Hz. Meanwhile, we may assume a 5dB noise floor of the RX at the LNA input, which yields thermal noise = -174+5 dBm/Hz = -169dBm/Hz. Therefore, the De-sense contribution is roughly raising the Rx noise at LNA input by 1dB to -168dBm/Hz. This falls within the budget for Rx band noise. Total noise including Tx De-sense at LNA input = -168dBm/Hz + 66.5dBHz (4.5MHz effective bandwidth). This yields -101.5dBm Rx noise.
Using a 5MHz Channel Bandwidth signal for example, Refsense per TS 36.101requires -97dBm at antenna, which translate to -100dBm at the LNA input (assume a 3dB typical Front-End loss) for a single Rx.

Therefore, SNR achievable per Rx = 1.5dB, which is more than sufficient for QPSK-1/3 (Refsense condition) to provide good headroom for potential EVM degradation in the Rx downstream. Moreover, in 2x Rx MIMO condition, SNR should improve by at least another 3dB, and hence providing the Refsense margin commonly required from operators.  Furthermore, there is good chance that better than 5dB NF (an assumption in this calculation) is achievable for a receiver at LNA input.
In summary, we do not anticipate Tx noise De-sense to be a show stopper based on current information.
UE Tx ( Rx De-sense Summary 
	Parameters 
	@ UE LNA input
	Units
	Comments 

	Rx Band Noise @ PA out
	-123
	dBm/Hz
	Typical. Band 12 PA Module

	Duplexer Isolation
	52
	dB
	Typical. Band 12 SAW Duplexer

	Rx Thermal Noise
	-169
	dBm/Hz
	Assume NF=5dB@ LNA input

	Total Rx Noise
	-101.5
	dBm
	Use 4.5MHz effective bandwidth

	Desired Signal Level
	-100
	dBm
	TS36.101 Refsense. Assume 3dB Front-end loss.

	SNR
	1.5
	dB
	Single Rx

	2x Rx MIMO effect
	+3
	dB
	At least 3dB improvement due to 2x MIMO

	Effective SNR
	4.5
	dB
	

	Margin
	4.5
	dB
	SNIR = 0dB for QPSK-1/3


Summary: De-sense of UE due to Tx noise is manageable, and sufficient margin is achievable.
Issue 2: UE out-of-band emission into Channel 51 and Block D receivers
Since the method of analysis is similar for Ch 51 and for block D, we focus on block D analysis in this section. 

We consider two scenarios here, namely the out of band emission with and without 10dB MPR reduction at UE UL. Note that the signaling support for the MPR reduction has already been included in RAN4 spec 36.101.

Without MPR reduction:

ACLR of Band 12 PA in Block C into Block D LPTV Rx = +23dBm – 33dBc = -10dBm/5MHz. ACLR offset adjustment to center of Block D = -3dB (Block D Fcenter is 1MHz away from ACLR offset). We further assume LPTV in another UE is at approximately 5m distance, with an Antenna – Antenna isolation = 50dB. As a result, the total spurious emission at LPTV Block D antenna due to Block C UE UL for 5MHz bandwidth is equal to -10dBm -53dB = -63dBm.
Assuming LPTV receiver sensitivity at antenna = -85dBm for QPSK, and LPTV receiver NF at antenna = 10dB. Thermal noise of LPTV receiver at antenna is -97dBm/5MHz.
Therefore, without MPR reduction the resulting SNR = -19dB even with a 2x MIMO LPTV receiver, and therefore unable to support the required LPTV Rx sensitivity.

UE Tx ACLR Effects on Channel 51 & Block D Receivers Summary 

	Parameters 
	@ UE Antenna
	Units
	Comments 

	Block C UL ACLR
	-10
	dBm/5MHz
	Max.out = 23dBm. PA specified ACLR = -33dBc

	Offset Adjustment
	-3
	dB
	Block D Fcenter is 1MHz further out. 

	Antenna isolation
	50
	dB
	5m distance between UE & DTV antennae

	LPTV Rx NF
	10
	dB
	

	Thermal Noise LPTV Rx
	-97
	dBm/5MHz
	

	Total Noise
	-63
	dBm
	Includes UL ACLR and Thermal Noise

	Desired Signal
	-85
	dBm
	LPTV Rx Refsense

	SNR
	-22
	dB
	Single Rx

	2x Rx MIMO effect
	+3
	dB
	At least 3dB improvement due to 2x MIMO

	Effective SNR
	-19
	dB
	Unable to support LPTV Refsense

	Margin
	-19
	dB
	SNIR = 0dB for QPSK-1/3


With 10dB MPR reduction in Band 12 UL:
We set Band 12 UL 10dB below Pmax. New ACLR of Band 12 PA in Block C into Block D LPTV Rx = +13dBm – 48dBc = -35dBm/5MHz. Here the better ACLR of 48dBc (compared to 33dBc above) is due to the back-off  from the nonlinear region of the PA around maximum transmission power. Furthermore, assuming offset adjustment and antenna isolation to be identical yields, -88dBm/5MHz spurious in Block D, resulting in total noise in LPTV receiver at UE antenna = -87.5dBm/5MHz. 

Noise level is able to support -85dBm sensitivity at LPTV antenna for Block D in QPSK, with a resulting SNR =2.5dB for single Rx antenna, and SNR =5.5dB for 2x MIMO diversity receiver.
Example Reduced UL power Operating Scenario Summary 

	Parameters 
	@ UE Antenna
	Units
	Comments 

	Block C UL ACLR
	-35
	dBm/5MHz
	Max.out = 13dBm. PA specified ACLR = -48dBc

	Offset Adjustment
	-3
	dB
	Block D Fcenter is 1MHz further out. 

	Antenna isolation
	50
	dB
	5m distance between UE & DTV antennae

	LPTV Rx NF
	10
	dB
	

	Thermal Noise LPTV Rx
	-97
	dBm/5MHz
	

	Total Noise
	-87.5
	dBm/5MHz
	Includes UL ACLR and Thermal Noise

	Desired Signal
	-85
	dBm
	LPTV Rx Refsense

	SNR
	2.5
	dB
	Single Rx

	2x Rx MIMO effect
	+3
	dB
	At least 3dB improvement due to 2x MIMO

	Effective SNR
	5.5
	dB
	Unable to support LPTV Refsense

	Margin
	5.5
	dB
	SNIR = 0dB for QPSK-1/3


Summary: Interference due to UE out of band emission can be addressed with an A-MPR table specifically designed for Band 12. The details of this table are FFS. 
Issue 3: LPTV interference to Band 12
[image: image2.png]MediaFLO
Interferer
Ant.
UETX < UE Transceiver
Duplexer

1. Intermodulation: MediaFLO+UE TX
2. Cross-modulation: MediaFLO +UE TX

3.ACLR:MediaFLO MF Spurious Emission

UE UL TX X-mod. product

MediaFLO

Block D or E IM3 of MF + UE Tx

—
Band 17 UE RX
-—




Figure 2: MediFLO LPTV interference to Band 12
The LPTV interference into Band 12 is illustrated in Figure 2 above.  In this section, we present our analysis on this issue.  Clearly, the current design platform based on the existing 3GPP TS36.101 Standards will not be able to support a LPTV Block E interferer at -30dBm/6MHz into the Band 12 LTE UE downlink without any redesign.

However, the order of impact from the LPTV interferer can be significantly mitigated when the level is limited to -35dBm/6MHz or lower. It is determined to be sufficient to work for a current design platform with minimal optimization. The table below shows the analysis for such a scenario.

We also point the reader to Annex A for a set of field measurement results on  interference level at UE antenna, which seems to be in  the similar range: -28dBm/6MHz with 5dB antenna gain and -33dBm/6MHz without 5dB antenna gain, all at a distance of 1.4km.  
	Parameters
	@ UE Antenna
	Units
	Comments

	
	Block AB
	Block A
	Block B
	
	

	MediaFLO
	E Block
	-
	

	T/R Duplexer Isolation
	-58
	dB
	Typ. Duplexer min. Spec = -55dB

	Duplexer IL
	3
	dB
	

	RFIC IIP3
	-10
	dBm
	High Band: -13dBm, Low Band: >-10dBm

	LTE Tx Power
	19
	dBm
	@Antenna

	LTE UE Case 3 Analysis

	MediaFLO(MF) Interferer
	-35
	-35
	-35
	dBm
	Proposed level

	Reference Sensitivity
	-94
	-97
	-97
	dBm
	TS36.101 Refsense Band 12

	LTE In-band Signal Level
	-88
	-83
	-91
	dBm
	Refsense + 6dB for In-band Blocking Test
Refsense + 14dB for Adjacent Channel Test

	IM3 Product
	-96
	NA
	-94
	dBm
	3rd order product in RX channel, MF+TX

	XMOD Product
	-93.5
	-93.5
	NA
	dBm
	Crossmod. product: MF+UE TX

	MF ACLR Leakage
	-103
	-104
	-134
	dBm
	Assume that the MFLO transmitter uses the same spectrum mask as DTV (FCC regulation)

	Total Noise
	-91.2
	-93.1
	-93.9
	dBm
	Sum of all noise and interference products

	Desensitization
	-2.8
	-3.9
	-3.1
	dB
	Relative to Reference Sensitivity


From our analysis above,  this existing design with -35dBm/6Mz LPTV interference is able to provide in the worse case 2.9dB margin above the required 0dB SNR for QPSK rate 1/3 transmission without including 2x MIMO gain. 
Summary:  With our analysis, a -35dBm/6Mz LPTV interference will leads to an SNR value that is at least 2.9dB above the SNR requirement for QPSK rate 1/3 transmission.  A higher level LPTV interferer at -30dBm/6MHz for example will require more discussions in terms of Band 12 design.
4 Conclusion
In this contribution, we analyzed the UE interference issues in Band 12, assuming that the UE duplexer spans the whole band 12. The outcome of the analysis is summarized below:
· De-sense of UE due to Tx noise is manageable, and sufficient margin is achievable.
· Interference due to UE out of band emission can be addressed with an A-MPR table specifically designed for Band 12. The details of this table are FFS.
· With our analysis, a -35dBm/6Mz LPTV interference will achieve an SNR value that is 2.9dB above the required 0dB SNR for QPSK rate 1/3 transmission.  A higher level LPTV interferer at -30dBm/6MHz for example will require more discussions in terms of Band 12 design.
· Higher LPTV interferers are likely possible in future design improvements
We suggest RAN4 to take the above analysis into account when deciding on the need for any further specification change in 3GPP.
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Annex A: Field measurement of LPTV interference level
In this Annex, we report some example field measurement results on the LPTV Block E interferer level at the UE antenna. 
Location: Birmingham, Alabama

Description: This location presents one of the most challenging interference scenarios where both DTV and MedioFlo stations are located in close vicinity. The experiment setup was depicted in the figure below where the distance is 2.17km between DTV station and the test station, and 1.41 km between the LPTV and the test station. 
Result: As can be observed from the spectrum analyzer diagram, the LPTV block E interference level at the UE antenna is -28 dBm/6MHz (assuming 5dB antenna gain), and -33dBm/6MHz without the 5dB antenna gain.

Spectrum analyzer reading:
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Area map of the field measurement:
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The detailed information on Ch 50 is shown below:
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Similarly, the detailed information of the MediaFLO station is given below:
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Equipment used in the measurement:
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DTV emission mask:
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Reference: IEEE P1631™/D3, February, 2008 (Draft Recommended Practice for Measurement of 8-VSB Digital Television

Mask Transmission Compliance for the USA)

Note: LPTV transmitters have a max power of SOKW EIRP and operate in the D and E band.




