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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 [2]. The ID assigned to the study item is FS_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. The UL band includes two separate 10 MHz carriers, one from 1627.5 to 1637.5 MHz, and the second from 1646.7 to 1656.7 MHz. This configuration is depicted in Figure 1. This discussion paper compares the pairing of DL band 1670-1680 MHz with the two 10 MHz segments of B24 UL using the Relative Duplex Distance (RDD). The comparison is done for both 10MHz and 5MHz channel bandwidths.
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Figure 1: Proposed Band including B24 UL 
2.0 Relative Duplex Distance (RDD)
In a typical LTE transceiver the Base-band filtering effect does not typically change significantly between bands, but duplex filter characteristics could be different for each band. The major factors affecting the duplex filter design are bandwidth, duplex gap, and the centre frequency. There are certain bandwidth limits that SAW and BAW-technology filters can support. If the duplex gap between uplink and downlink is small, the duplex filter design would be challenging. Some of the challenges resulted from small duplex gap are a) receiver desensitization due to own UL Transmit noise, and b) receiver overload due to own UL TX power, c) UE to UE interference in the same band.
Both the bandwidth and the duplex gap must be normalized by the centre frequency for comparison. To this end, Relative Duplex Distance (RDD) is defined as the ratio of duplex gap by the centre frequency of the gap (Figure 2). According to the duplex filter vendors, RDD can be used as one of the figure of merits to evaluate corner frequency effect in LTE uplink transmission (ΔTC ), or to consider typical implementation of transmit filters in UEs. In LTE, RDD less than 1.75% is considered as a critical threshold and causes ΔTC relaxation [3, 4] for these bands. Examples of such relations are the bands for which note 2 of Table 6.2.2.1 in TS36.011 [5] apply, and causes 1.5dB reduction in PCMAX_L, the lower bound of the maximum output power for the UE. Examples are band 2, 3, 8, 12, 22, 25, 26, etc. 

                                     [image: image2.png]Duplexgap

>

fo
Center Frequency




  

Figure 2: Definition of Relative Duplex Distance
Although RDD is not the unique figure to analyze the impact of duplexing gap on eth performance of a LTE spectrum band, it would be worthwhile to consider it as one of the metrics for future study of the band.  
Table 1: RDD for LTE FDD bands
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Table 1 summarizes the RDD for all LTE FDD bands. As can be seen bands 2, 3, 8, 22, 25, 26, and 28 have RDD less than 1.75% and so are considered critical bands in terms of duplexer design, and potentially require relaxation in ΔTC. The bands 22 and 25 have RDD less than 1%. 

3.0 RDD for 1670-1680 MHz band
It is proposed to pair the 10 MHz DL channel at 1670-1680 MHz with the existing Band 24 UL channel(s) (1627.5-1637.5 MHz, and/or 1646.7-1656.7 MHz), as depicted in Figure 3. The choices under study are pairing H and F, H and G, or using a variable duplexing scheme allowing both pairings H-F and H-G (please refer to Figure 3). The distance between the UL and DL edges of the proposed band is as small as 13.3 MHz (1670-1656.7=13.3 MHz). The pass-band is 10 MHz, with a UL-DL distance of either 23.3 MHz or 42.5 MHz, depending on selected pairing option. These requirements may be challenging, but are not without precedence in 3GPP RAN4.  For example, bands 8, 26, and 28 have duplexing gap of 10 MHz, band 12 has the duplexing gap of 13 MHz, and 15 MHz for band 25. 
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Figure 3: Proposed UL & DL Pairing
As stated before, it is not only the duplexing gap, but the relative duplexing gap, RDD, that impacts the characteristics of the duplexer, and determines whether relaxation in ΔTC is required. Table 2 Compares the RDDs of different choices for 10 MHz UL pairing with 1670-1680 MHz, as well as 5 MHz pairing with 1670-1675 MHz. 

Table 2: RDD for 1670 MHz band UL Pairing Choices
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As can be seen from Table 2, if block G (Figure 3) is paired with 1670-1680 MHz (cases 1 & 2 in Table 2), the RDD is less than 1.75%, and even less than 1%. That means either ΔTC has to be relaxed, or other solutions have to be devised in designing the duplexer for this band. As for 5 MHz bands, the RDD is still less than 1.75%, but better than the case of 10 MHz.  
However, the accurate impact of the duplex gap in this band would be evaluated using simulation. 

The RDD for cases 3 & 4 is above 1.75%, and therefore the duplexer design is not a major challenge for this pairings. However, due to potential co-existence with band 24, the feasibility study of cases 1 & 2 are needed, at this point. 

4.0 Duplexer design for this Band
In designing the RF sections for case 1 & 2 in Table 2, we need to consider the following issues:

a) Potential 1670-1680 MHz receiver desensitization due to UL TX noise. 

b) Potential device receiver overload due to its own UL TX power.

c) OOBE and 3rd order Intermodulation products from UL aggressor band into victim DL band (M2M case).

d) Interference management in co-existence with band 24.

The band would consider both 5 MHz and 10 MHz carriers, as depicted in Figure 3. The 5 MHz deployment is considered for the markets with exclusion zone requirements to coordinate with weather services in 1675-1680 MHz. In [6] a study has been conducted to discuss the issues related to UE duplexer design for the case of 5 MHz pairing (case 2 in Table 2). In this document, both receiver desensitization due to own UL Transmitter, as well as M2M interference for the case of 5 MHz pairing have been studied. It is shown that assuming 50dB duplexer at 18.3 MHz from carrier edge the 5 MHz pairing is feasible without major performance degradation. Moreover, assuming 30dB Duplexer Tx filter attenuation at 18.3 MHz away from carrier edge, there is considerable margin for the OOB noise from aggressor-UE transmitter at the receiver of the victim-UE. 

5.0 Conclusion
In this discussion paper, different choices for  10 MHz UL pairings with 1670-1680 MHz, as well as 5 MHz UL pairing with 1670-1675 MHz are introduced. The Relative Duplex Distance is calculated as a figure of merit to evaluate corner UL frequency effect, or to consider typical implementation of transmit filters in UEs. The specific issues regarding these pairing are also introduced and discussed. 
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