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1.0 Introduction 

During the RAN Plenary meeting #59 in Vienna Austria, a study item was approved [1] to extend the spectrum covered by the work item LTE_FDD_1670_US. The downlink spectrum covered by this study item is 1670 to 1680 MHz, and the uplink band coincides with band 24 UL from 1626.5 to 1660.5 MHz. There are two choices for UL pairing with this downlink carrier. In this contribution, these two options are compared in terms of UE interference due to UE self Tx power, as well as mobile to mobile OOBE from a deterministic perspective, along with some simulation supports. 
2.0 Discussion  
This document presents a TP for Section 8 in TR 36.844, providing some details of the specific issues for this band.
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Figure 2.1: Proposed Band including B24 UL
2.1
UE Special Issues for Pairing Upper UL Carrier

If the upper UL carrier is paired with the DL carrier, the UE Rx filter in the duplexer (pass-band of 1670 – 1680 MHz) has to sufficiently attenuate uplink transmissions from 1646.7-1656.7 MHz at a separation of 13.3 MHz from the downlink (Figure 2.1).  The UE Tx filter in the duplexer must sufficiently suppress adjacent channel emissions into the downlink band, from an emission 13.3 MHz away. 

To this end, some issues have to be addressed, including the followings:

1. Potential receiver desensitization (at 1670-1680 MHz) due to UL Tx noise. 

2. Potential device receiver overload due to its UL Tx power
3. OOBE and 3rd order Intermodulation products from UL aggressor band into victim DL band (M2M case).

The same issue applies to two devices using this band in proximity (say 1- 5m separation), one receiving downlink signals in 1670-1680 MHz, and another one transmitting uplink signal in 1646.7-1656.7MHz. 

As a result, overload, receiver desensitization, OOBE, and duplexer design have to be studied for this band.  
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Figure 2.2: Band 24 OOB noise at PA output for LTE 1627.5-1637.5 MHz; 50 RBs; Tx power 23dBm.
2.1.1
Potential receiver desensitization due to UL Tx noise

Currently, the UE band 24 duplexer supports band 24 UL in the range 1626.5-1660.5 MHz. This duplexer provides sharp edge at the left side (to protect GPS), but the isolation at 1670-1680 MHz is not significant. As a result, assuming that re-designing band 24 duplexer to be sharp at both sides is costly and complex, a new duplexer has to be designed for this proposed band. The duplexer has to support high isolation, as a practical measure, a minimum of 50dB at the Rx band 1670-1680 MHz. The feasibility of supporting 50 dB isolation is provided with low risk using simulation by credible duplexer/filter vendors using BAW/FBAR technology. Assuming this isolation value, Table 1 calculates the receiver desensitization, and the additional attenuation required to achieve 1 dB and 3 dB receiver desensitization, using 9 dB UE NF (Noise Figure). The UE PA OOBE attenuation is verified by evaluating the characteristics of existing band 24 PA (Figure 2.2), using 23 dBm transmit power, and 50 RBs for UL transmission.
Table 1: 10 MHz Receiver Desensitation for in-device isolation Pairing upper UL carrier
	Parameter
	Value
	Unit

	Max UE PA OOBE (50PRBs), 13.3 MHz from carrier edge 
	-92
	dBm/Hz

	Duplexer isolation at 13.3 MHz from carrier edge 
	50
	dB

	Tx noise at 1670-1680 MHz
	-142
	dBm/Hz

	Acceptable noise at the Rx carrier for 1 dB Rx desensitization
	-170.9
	dBm/Hz

	Acceptable noise at the Rx carrier for 3 dB Rx desensitization
	-165
	dBm/Hz

	Minimum Additional Required Isolation for 1 dB Desense.
	28.9
	dB

	Minimum Additional Required Isolation for 3 dB Desense.
	23
	dB


Figure 2.3 plots the result of the simulation of the UE duplexer isolation transmitting UL signal at 1646.7-1656.7 MHz. The simulation is performed at 25°C, using Film Bulk Acoustic Resonator (FBAR) filter technology process. As evident from this figure, the 50dB isolation at 1670-1680 MHz is feasible. Figures 2.4 and 2.5 show that the 50dB isolation is feasible with duplexer Tx and Rx insertion loss of 1dB. 

The additional isolation must be achieved either by improving the OOBE of the Tx band-pass filter, or by inserting an additional Rx band-rejection filter after the PA in the transmit chain. The former is not feasible for UEs, and the later requires dealing with potential insertion loss of this additional filter. 
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Figure 2.3: 1600 MHz UE Duplexer Isolation
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Figure 2.4: 1600 MHz UE Duplexer Tx Insertion Loss
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Figure 2.5: 1600 MHz UE Duplexer Rx Insertion Loss

Table 2 provides the same analysis for 5 MHz UL Tx channel at 1646.7-1651.7 and DL carrier at 1670-1675 MHz. Note that the PA OOBE at 18.3 MHz away from carrier edge is obtained assuming 25.8 dBm maximum UL Tx power.
Table 2: 5 MHz Receiver Desensitation for in-device isolation Pairing upper UL carrier

	Parameter
	Value
	Unit

	Max UE PA OOBE (25 PRBs), 18.3 MHz from carrier edge
	-125
	dBm/Hz

	Duplexer isolation at 18.3 MHz from carrier edge 
	50
	dB

	Tx noise at 1670-1675 MHz
	-175
	dBm/Hz

	Acceptable noise at the Rx carrier for 1 dB Rx desensitization
	-170.9
	dBm/Hz

	Acceptable noise at the Rx carrier for 3 dB Rx desensitization
	-165
	dBm/Hz

	Additional Margin for 1 dB Desense.
	4.1
	dB

	Additional Margin for 3 dB Desense.
	10
	dB


As seen above, for 5 MHz channel, no additional isolation is needed, and we have 4.1 and 10 dB additional margin for 1 dB and 3 dB Rx accepted desensitization, respectively. 
2.1.2
Mobile to Mobile OOBE Effect

Assuming two 10 MHz UEs using this band, one transmitting in UL (aggressor), and one receiving in the DL (victim) are in 1 meter proximity of each other, Table 3 provides the OOB noise from aggressor UE transmitter at the receiver of the victim UE. In this analysis, it is assumed that antenna and body loss is 8 dB at each UE, with maximum 23 dBm Tx power. It is assumed that the duplexer (Tx and Rx duplexer filters) provide a sum of 30 dB isolation from Tx band into Rx band.

Table 3: Same band 10 MHz M2M Noise, assumiung upper UL band pairing

	Parameter
	Value
	Unit

	Max UE PA OOBE (50 PRBs), 13.3 MHz from carrier edge 
	-92
	dBm/Hz

	Duplexer Tx filter attenuation at 1670-1680 MHz (worst case)
	30
	dB

	Path Loss at 1m
	36.6
	dB

	Minimum Coupling  Loss (MCL) 
	52.6
	dB

	Tx noise at 1670-1680 MHz
	-174.6
	dBm/Hz

	Acceptable noise at the Rx carrier for 1 dB Rx desensitization
	-170.9
	dBm/Hz

	Acceptable noise at the Rx carrier for 3 dB Rx desensitization
	-165
	dBm/Hz

	Additional Margin for 1 dB Desense.
	3.7
	dB

	Additional Margin for 3 dB Desense.
	9.6
	dB


As seen above, for 10 MHz channel, we have 3.7 and 9.6 dB additional margin for 1 dB and 3 dB Rx accepted desensitization, respectively. 

Table 4 provides the same analysis for 5 MHz UEs, where the additional margins are changed to 36.7 and 42.6dB additional margin for 1dB and 3 dB Rx accepted desensitization, respectively.

Table 4: Same band 5 MHz M2M Noise, assumiung upper UL band pairing

	Parameter
	Value
	Unit

	Max UE PA OOBE (25 PRBs), 18.3 MHz from carrier edge 
	-125
	dBm/Hz

	Duplexer Tx filter attenuation at 1670-1675 MHz (worst case)
	30
	dB

	Path Loss at 1m
	36.6
	dB

	Minimum Coupling  Loss (MCL) 
	52.6
	dB

	Tx noise at 1670-1675 MHz
	-207.6
	dBm/Hz

	Acceptable noise at the Rx carrier for 1 dB Rx desensitization
	-170.9
	dBm/Hz

	Acceptable noise at the Rx carrier for 3 dB Rx desensitization
	-165
	dBm/Hz

	Additional Margin for 1 dB Desense.
	36.7
	dB

	Additional Margin for 3 dB Desense.
	42.6
	dB


2.2
UE Special Issues for Pairing Lower UL Carrier

If the lower UL carrier is paired with the DL carrier, the UE Rx filter in the duplexer (pass-band of 1670 – 1680 MHz) has to sufficiently attenuate uplink transmissions from 1627.5-1637.5 MHz at a separation of 32.5 MHz from the downlink (Figure 2.1). The UE Tx filter in the duplexer must sufficiently suppress adjacent channel emissions into the downlink band, from an emission 32.5 MHz away. The rejection at 32.5 MHz away from the channel edge is -130 dBm/Hz. Considering the analysis in Table 1, even with 50-[-92-(-124)-28.9]=44.9 dB Tx-Rx isolation, we can achieve maximum 1dB  desensitization. 
For 5 MHz channel BW, the separation is 37.5 MHz. Considering the analysis in Table 2, even with 50-[-125-(-1323)-4.1] = 46.1 dB Tx-Rx isolation, we can achieve maximum 1dB desensitization.

2.2.1
Mobile to Mobile OOBE Effect

Assuming two 10 MHz UEs, one transmitting in UL (aggressor) at 1646.7-1656.7 MHz, and one receiving in the DL (victim) at 1670-1680 MHz, are in 1 meter proximity of each other, Table 5 provides the OOB noise from aggressor-UE transmitter at the receiver of the victim-UE. In this analysis, it is assumed that antenna and body loss is 8 dB at each UE, with maximum 23 dBm Tx power. Current band 24 duplexer does not provide any attenuation at 1670-1680 MHz. Once again, a 9dB NF is assumed at UE receiver.
Table 5: 10 MHz M2M Noise
	Parameter
	Value
	Unit

	Max UE PA OOBE (50 PRBs), 13.3 MHz from carrier edge 
	-92
	dBm/Hz

	Duplexer Tx filter attenuation at 1670-1680 MHz (worst case)
	0
	dB

	Path Loss at 1m
	36.6
	dB

	Minimum Coupling  Loss (MCL) 
	52.6
	dB

	Tx noise at 1670-1680 MHz
	-144.6
	dBm/Hz

	Acceptable noise at the Rx carrier for 1 dB Rx desensitization
	-170.9
	dBm/Hz

	Acceptable noise at the Rx carrier for 3 dB Rx desensitization
	-165
	dBm/Hz

	Minimum Additional Required Isolation for 1 dB Desense.
	26.3
	dB

	Minimum Additional Required Isolation for 3 dB Desense.
	20.4
	dB


As seen above, for 10 MHz channel, we need at least an extra 26.3 and 20.4dB additional isolation for 1 dB and 3 dB Rx accepted desensitization, respectively. These extra isolations could be provided either by re-designing the band 24 duplexer, or adding a band rejection filter at the transmitter. 
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------------- Start of TP------------------

<First Modification>

8.1.1
Potential receiver desensitization due to UL TX noise

Currently, the UE band 24 duplexer supports band 24 UL in the range 1626-1660 MHz. This duplexer provides a sharp edge at the left side (to protect GPS), but the isolation at 1670-1680 MHz is not significant. As a result, assuming that re-designing band 24 duplexer to be sharp at both sides is costly and complex, a new duplexer has to be designed for this proposed band. The duplexer has to support high isolation, as a practical measure, 50 dB at the Rx band 1670-1680 MHz. The feasibility of supporting 50 dB isolation is provided with low risk using simulation by credible duplexer/filter vendors using BAW/FBAR technology. Assuming this isolation value, Table 8.1.1-1 calculates the receiver desensitization, and the additional attenuation required to achieve 1 dB and 3 dB receiver desensitization, using 9 dB UE NF (Noise Figure). The UE PA OOBE attenuation is verified by evaluating the characteristics of existing band 24 PA, using 23 dBm transmit power, and 50 RBs for UL transmission.
Table 8.1.1-1: 10 MHz Receiver Desensitation for in-device isolation Pairing upper UL carrier

	Parameter
	Value
	Unit

	Max UE PA OOBE (50 PRBs), 13.3 MHz from carrier edge 
	-92
	dBm/Hz

	Duplexer isolation at 13.3 MHz from carrier edge 
	50
	dB

	Tx noise at 1670-1680 MHz
	-142
	dBm/Hz

	Acceptable noise at the Rx carrier for 1 dB Rx desensitization
	-170.9
	dBm/Hz

	Acceptable noise at the Rx carrier for 3 dB Rx desensitization
	-165
	dBm/Hz

	Minimum Additional Required Isolation for 1 dB Desense.
	28.9
	dB

	Minimum Additional Required Isolation for 3 dB Desense.
	23
	dB


Simulations performed at 25°C, using Film Bulk Acoustic Resonator (FBAR) filter technology process proves that the 50 dB isolation at 1670-1680 MHz is feasible, with duplexer Tx and Rx insertion loss of 1dB. 

The additional isolation must be achieved either by improving the OOBE of the Tx band-pass filter, or by inserting an additional Rx band-rejection filter after the PA in the transmit chain. The former is not feasible for UEs, and the later requires dealing with potential insertion loss of this additional filters. 
Table 8.1.1-2, provides the same analysis for 5 MHz UL Tx channel at 1646.7-1651.7 and DL carrier at 1670-1675 MHz. Note that the PA OOBE at 18.3 MHz away from carrier edge is obtained assuming 25.8 maximum UL Tx power.

Table 8.1.1-2: 5 MHz Receiver Desensitation for in-device isolation Pairing upper UL carrier

	Parameter
	Value
	Unit

	Max UE PA OOBE (25 PRBs), 18.3 MHz from carrier edge
	-125
	dBm/Hz

	Duplexer isolation at 18.3 MHz from carrier edge 
	50
	dB

	Tx noise at 1670-1675 MHz
	-175
	dBm/Hz

	Acceptable noise at the Rx carrier for 1 dB Rx desensitization
	-170.9
	dBm/Hz

	Acceptable noise at the Rx carrier for 3 dB Rx desensitization
	-165
	dBm/Hz

	Additional Margin for 1 dB Desense.
	4.1
	dB

	Additional Margin for 3 dB Desense.
	10
	dB


As seen above, for 5 MHz channel, no additional isolation is needed, and we have 4.1 and 10 dB additional margin for 1 dB and 3 dB Rx accepted desensitization, respectively. 
<Next Modification>

8.1.2
Potential device receiver overload due to its UL TX power

8.1.3
Mobile to Mobile OOBE Effect

Assuming two 10 MHz UEs using this band, one transmitting in UL (aggressor), and one receiving in the DL (victim) are in 1 meter proximity of each other, Table 8.1.3-1 provides the OOB noise from aggressor-UE transmitter at the receiver of the victim-UE. In this analysis, it is assumed that antenna and body loss is 8 dB at each UE, with maximum 23 dBm Tx power. It is assumed that the duplexer (Tx and Rx duplexer filters) provide a sum of 30 dB isolation from Tx band into Rx band.

Table 8.1.3-1: Same band 10 MHz M2M Noise, assumiung upper UL band pairing

	Parameter
	Value
	Unit

	Max UE PA OOBE (50 PRBs), 13.3 MHz from carrier edge 
	-92
	dBm/Hz

	Duplexer Tx filter attenuation at 1670-1680  MHz (worst case)
	30
	dB

	Path Loss at 1m
	36.6
	dB

	Minimum Coupling  Loss (MCL) 
	52.6
	dB

	Tx noise at 1670-1680 MHz
	-174.6
	dBm/Hz

	Acceptable noise at the Rx carrier for 1 dB Rx desensitization
	-170.9
	dBm/Hz

	Acceptable noise at the Rx carrier for 3 dB Rx desensitization
	-165
	dBm/Hz

	Additional Margin for 1 dB Desense.
	3.7
	dB

	Additional Margin for 3 dB Desense.
	9.6
	dB


As seen above, for 10 MHz channel, we have 3.7 and 9.6 dB additional margin for 1 dB and 3 dB Rx accepted desensitization, respectively. 

Table 8.13-2 provides the same analysis for 5 MHz UEs, where the additional margins are changed to 36.7 and 42.6 dB for 1dB and 3dB Rx accepted desensitization, respectively.

Table 8.1.3-2: Same band 5 MHz M2M Noise, assumiung upper UL band pairing

	Parameter
	Value
	Unit

	Max UE PA OOBE (25PRBs), 18.3MHz from carrier edge 
	-125
	dBm/Hz

	Duplexer Tx filter attenuation at 1670-1675 MHz (worst case)
	30
	dB

	Path Loss at 1m
	36.6
	dB

	Minimum Coupling  Loss (MCL) 
	52.6
	dB

	Tx noise at 1670-1675 MHz
	-207.6
	dBm/Hz

	Acceptable noise at the Rx carrier for 1 dB Rx desensitization
	-170.9
	dBm/Hz

	Acceptable noise at the Rx carrier for 3 dB Rx desensitization
	-165
	dBm/Hz

	Additional Margin for 1 dB Desense 
	36.7
	dB

	Additional Margin for 3 dB Desense 
	42.6
	dB


<Next Modification>

8.2
UE Special Issues for Pairing Lower UL Carrier

If the lower UL carrier is paired with the DL carrier, the UL-DL gap is 32.5 MHz (1670 – 1637.5=32.5 MHz) for the 10 MHz carrier, and 37.5 MHz (1670 – 1632.5=37.5 MHz) for 5 MHz carrier. Consequently the duplexer design is not as critical as the case where the upper UL carrier is used. A typical 50dB TX-RX isolation would be enough to achieve the nominal expected performance. However, in this case the mobile to mobile OOBE form an aggressor UL TX UE in 1646.7-1656.7 MHz into a victim DL RX UE in 1670-1680 MHz could be problematic, and must be studied. 

The rejection at 32.5 MHz away from the channel edge is -130 dBm/Hz. Considering the analysis in Table 8.1.1-1, even with 50-[-92-(-124)-28.9]=44.9 dB Tx-Rx isolation, we can achieve maximum 1dB  desensitization. 

For 5 MHz channel BW, the separation is 37.5 MHz. Considering the analysis in Table 8.1.1-2, even with 50-[-125-(-1323)-4.1] = 46.1 dB Tx-Rx isolation, we can achieve maximum 1dB desensitization.

<Next Modification>

8.2.1
Mobile to Mobile OOBE Effect

Assuming two 10 MHz UEs, one transmitting in UL (aggressor) at 1646.7-1656.7 MHz, and one receiving in the DL (victim) at 1670-1680 MHz, are in 1 meter proximity of each other, Table 8.2.2-1 provides the OOB noise from aggressor UE transmitter at the receiver of the victim UE. In this analysis, it is assumed that antenna and body loss is 8 dB at each UE, with maximum 23 dBm Tx power. Current band 24 duplexer does not provide any attenuation at 1670-1680 MHz. Once again, a 9dB NF is assumed at UE receiver.

Table 8.2.1-1: 10MHz M2M Noise

	Parameter
	Value
	Unit

	Max UE PA OOBE (50 PRBs), 13.3 MHz from carrier edge 
	-92
	dBm/Hz

	Duplexer Tx filter attenuation at 1670-1680 MHz (worst case)
	0
	dB

	Path Loss at 1m
	36.6
	dB

	Minimum Coupling  Loss (MCL) 
	52.6
	dB

	Tx noise at 1670-1680 MHz
	-144.6
	dBm/Hz

	Acceptable noise at the Rx carrier for 1 dB Rx desensitization
	-170.9
	dBm/Hz

	Acceptable noise at the Rx carrier for 3 dB Rx desensitization
	-165
	dBm/Hz

	Minimum Additional Required Isolation for 1 dB Desense.
	26.3
	dB

	Minimum Additional Required Isolation for 3 dB Desense.
	20.4
	dB


As seen above, for 10 MHz channel, we need at least an extra 26.3 and 20.4 dB additional isolations for 1 dB and 3 dB Rx accepted desensitization, respectively. These extra isolations could be provided either by re-designing the band 24 duplexer, or adding a band rejection filter at the transmitter. 
<End of modifications>
------------- End of TP ------------------
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