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1. Introduction
During the RAN Plenary meeting #59 in Vienna Austria, a study item was approved to extend the

spectrum covered by the work item LTE_FDD_1670_US [1]. 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. During the RAN4#68bis meeting in Riga, Latvia some concerns were raised about the simulation results for the insertion loss of UE duplexer. This TP would clarify the insertion loss values for UE duplexer.
2. Discussion  
.
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Figure 2.1: Proposed Band including B24 UL

During the RAN4#68bis meeting in Riga, Latvia some concerns were raised about the simulation results for the insertion loss of UE duplexer for this proposed band. Recall that there are two possible options of UL pairing for this proposed band, one is pairing the upper band 24 UL carrier (1646.7-1656.7 MHz) and the other is the lower band 24 UL carrier (1627.5-1637.5 MHz). In [2] simulation results were presented to show the potential performance of the duplexer designed for the pairing of upper UL carrier with 1670-1680 MHz DL carrier. The key performance figures were the Tx-Rx rejection, Tx insertion loss, and Rx insertion loss [2]. Figures 1, 2, and 3 show the results of simulating these three metrics.

These linear simulations are typically good indications of the rejection that can be achieved in physical filters, and provide enough information to indicate process capability, and can be used to make tradeoffs when considering design options. However, as per the filter vendor (Avago), insertion loss plots represented in Figs 3 and 4 are realistic and their accuracy is in the range of tenths of a dB.  The performance objectives which the vendor was required to meet over temperature and manufacturing variations are presented in these figures by dotted lines. 
The plots represent the typical filter performance at room temperature (25°C), using Film Bulk Acoustic Resonator (FBAR) filter technology process. As evident from Fig. 2, the 50dB Tx-Rx isolation from 1646.7-1656.7 UL carrier to 1670-1680 MHz DL is feasible with a considerable margin relative to the specified objective. Figs. 3 and 4 show that, at least at room temperature, the filter is meeting the combination of 50dB isolation and 3 dB insertion loss with substantial margins.  The vendor affirms that this margin is sufficient to meet the stated requirements over temperature range of -20 to +85°C and manufacturing variations. The vendor has further stated that the maximum shift in the nominal center frequency of the frequency response of the filter over temperature range of -20 to +85°C and manufacturing variations is +/-3 MHz.  It is evident from the Figures 2 and 3 that both the minimum adjacent band rejection of 50 dB and the maximum insertion loss of 3 dB are met with the above shift.    

. 
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Figure 2: 1600 MHz UE Duplexer Isolation
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Figure 3: 1600 MHz UE Duplexer Tx Insertion Loss
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Figure 4: 1600 MHz UE Duplexer Rx Insertion Loss

Table 1 represents the performance of duplexer performance using FBAR technology for the temperature range of -20 to +85°C.
Table 1: The duplexer performance for the proposed band using FBAR technology

	Band
	Max Tx filter IL (dB)
	Max Rx filter IL (dB)
	Min Tx to Rx isolation in Rx band (dB)
	Min Tx to Rx isolation in Tx band (dB)

	1670-1680 MHz DL

1646.7-1656.7 MHz UL
	3
	3
	50
	50
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------------- Start of TP------------------

<First Modification>

1.1 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. The UE TX filter in the duplexer must sufficiently suppress adjacent channel emissions into the downlink band, from an emission 13.3 MHz away. This demanding rejection requirement of the duplexer might impact the insertion loss of both TX and RX filters. 

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 signal in 1670-1680MHz, 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.  

Currently, the UE band 24 duplexer supports the UL range of 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 performance feasibility of this duplexer is provided using simulation by duplexer/filter vendors using Film Bulk Acoustic Resonator (FBAR) technology. These performance figures were the Tx-Rx rejection, Tx insertion loss, and Rx insertion loss. Figures 8.1.1, 8.1.2, and 8.1.3 show the results of simulating these three metrics.
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Figure 8.1.2: 1600 MHz UE Duplexer Isolation
The plots represent the typical filters at room temperature (25°C), using FBAR filter technology process. As evident from Fig. 8.1.1, the 50 dB Tx-Rx isolation from 1646.7-1656.7 UL carrier to 1670-1680 MHz DL is feasible with a considerable margin.

The figures also show the operator requirement for Tx-Rx isolation (50 dB) and the Tx and Rx insertion losses (in dotted line). The filter vendor has affirmed that these requirements can be met over normal manufacturing variations and a temperature range of -20 to +850 C.  The vendor has further stated that the maximum shift in the nominal center frequency over manufacturing and temperature variations is +/- 3 MHz.  It is evident from the frequency response plots that both insertion loss and adjacent band rejection requirements will continue to be met in spite of the above frequency shift.  
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Figure 8.1.2: 1600 MHz UE Duplexer Tx Insertion Loss
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Figure 8.1.3: 1600 MHz UE Duplexer Rx Insertion Loss

Table 8.1-1 represents the performance of duplexer performance using FBAR technology for the temperature range of -20 to +85°C.

Table 8.1-1: The duplexer performance for the proposed band using FBAR technology

	Band
	Max Tx filter IL (dB)
	Max Rx filter IL (dB)
	Min Tx to Rx isolation in Rx band (dB)
	Min Tx to Rx isolation in Tx band (dB)

	1670-1680 MHz DL

1646.7-1656.7 MHz UL
	3
	3
	50
	50


<Next Modification>

1.1.1 Potential receiver desensitization due to UL TX noise


Assuming the duplexer specifications in Table 8.1, in Table 8.1.1-1 we calculate the receiver desensitization, and 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



The additional isolation must be achieved either by improving the OOBE of the Tx band-pass filter, or by inserting an additional 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.

<End of modifications>
------------- End of TP ------------------
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