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1. Introduction

The key requirements of reference sensitivity and maximum output power for the 3.5 GHz FDD Band 22 have been discussed in previous meetings and in a recent teleconference [1], but agreement has not yet been reached.  In this contribution, we provide further data to follow up on [2] and a proposal for reference sensitivity, maximum output power, and self-band coexistence.
2. Discussion

2.1. RF Architecture

As discussed in [2], it is anticipated that initial UE implementations for Band 22 will consist of a split duplexer architecture in the RF front end.  The wide bandwidth and narrow duplex gap make a single filter design possibly infeasible with current technology when trying to balance insertion loss with isolation.  We therefore propose to build the specifications with this architectural assumption in mind.  A block diagram of one potential implementation is shown below in Figure 1.
[image: image1.emf]S

P

1

0

T

Duplexer1

Duplexer2

RX

TX

LNA

PA

Connector

To ANT


Figure 1.  RF front end example for dual duplexer implementation
It can be seen in this diagram that the dual-duplexer architecture includes additional complexity that is not seen in a single duplexer implementation.  Specifically, beyond the obvious addition of a second duplexer, there are switches both at the input and the output of the filters to be able to select between the two depending upon the operating channel.  Note that in this particular diagram, one of the switches has been implicitly absorbed into the antenna switch (SP10T in this example) as it is desirable to minimize component count and reduce complexity.  Of course, this does not come without cost.  The antenna switch is generally sized to accommodate the number of bands that a device must support.  These include not only the primary LTE bands, but also roaming bands and support of bands for 2G and/or 3G technologies as well depending on the requirements of the device.  Therefore, to accommodate a second duplexer for this band in the antenna switch requires either sourcing a larger switch or potentially sacrificing a roaming band.  
Other implications of this architecture have also been noted previously but are restated here for completeness.  Since the band is now split across two duplexers, the widest channel that can be supported without imposing a restriction on the center carrier frequency of the channel is dictated by the amount of over between the two filters.  If 20 MHz is to be supported in Band 22, the overlap between the two filters must be at least 20 MHz.  Looking towards the future, it may be desirable to introduce intraband carrier aggregation into this band due to the wide available bandwidth and the high peak data rates that could be achievable.  In that case, it may be beneficial to consider an implementation with up to 40 MHz of filter overlap to be able to support carrier aggregation bandwidth class C.  The other consideration of the dual filter architecture is the attenuation that the upper Tx filter is able to provide into the lower portion of the downlink band.  While the filter is not required to provide the typical 55dB of attenuation needed to minimize self-desense at the lower edge of the receive band, it must provide enough attenuation to be able to meet a coexistence emission limit.
2.2. Insertion Losses

Insertion losses for components at 3.5 GHz tend to be larger than comparable components at lower frequencies.  There are a number of elements to consider in evaluating the overall insertion loss on the Rx and Tx chains.  These include the connector and trace loss, antenna switch, duplexer, and the filter switch.  We discuss each of these below.

2.2.1. Connector and trace loss

Based on simulation of a 1cm trace on FR4 substrate at 4 GHz compared to 2.1 GHz, the additional trace loss is 0.11 dB.  The connector loss based on lab measurements indicates a difference of 0.15 dB.  Thus, the additional loss due to connector and PCB trace is estimated to be 0.25dB for 3.5 GHz compared to 2.1 GHz.
2.2.2. Antenna switch

Measurements and simulations for an antenna switch were conducted at 3.5 GHz by the component vendor.   Measurements by the component vendor revealed an insertion loss of 3.3 dB, but subsequent simulations indicate that the insertion loss may be reduced to 2.1dB after tuning.  This is approximately 1.1dB higher than the insertion loss of the switch for Band 1. 
2.2.3. Duplexer

The insertion loss of the duplexer is dependent upon a number of factors including the bandwidth, duplex gap, and required attenuation and isolation in the Rx band.  The filter designs are very challenging due to the narrow duplex gap of the band.  The more challenging filter is the upper filter so the simulation effort was focused there in the interest of time.  We consider several designs tradeoffs, each with particular advantages and disadvantages.  

1. Passband and overlap.  We consider both 50 and 60 MHz passband bandwidths.  The 50 MHz passband allows for an overlap of 20 MHz between the dual filters.  This enables a single carrier (Rel-8) 20 MHz waveform to be located anywhere in the band.  The 60 MHz passsband allows for an overlap of 40 MHz.  This enables a intraband carrier aggregation bandwidth class C (up to 2 component carriers) to open up future possibilities for this band.  Note that limiting the implementation to 20 MHz overlap now will make a much tougher proposition should there be a desire in the future for 40 MHz carrier aggregation.
2. Attenuation into Rx band.  We consider designs which can support at least 15 dB and 25 dB attenuation at 3510 MHz to provide self-band protection.  An attenuation of 15 dB would enable a coexistence emission limit of -40dBm/MHz whereas an attenuation of 25 dB would enable a coexistence emission limit of -50dBm/MHz as has been conventionally specified for many other LTE bands.

3. In all cases, the Rx isolation must be at least 45 dB to minimize the impact of Tx noise into the receiver.  The Tx isolation must be at least 50dB to minimize IM2.
4. Rx attenuation at 3610 MHz of 15 dB.  Note that the value of 3610 MHz was incorrectly specified since the adjacent band, if it is present, is defined to begin at 3600 MHz.  Nonetheless, the intention of this design parameter is to be able to provide some blocking protection from Band 43 to faciliate coexistence.

Simulation results from two filter vendors representing six different filter design in accordance with the parameters stated above are shown in Table 1.  Note that in each case, the filter technology is BAW or F-BAR.
Table 1.  Summary of simulation results for the upper filter
	
	Bandwidth
	Tx Attenuation @ 3510 MHz
	Rx Attenuation @ 3610 MHz
	Tx IL
	Rx IL

	Design 1
	60 MHz
	15dB
	Unspecified
	3 dB
	2.9 dB

	Design 2
	60 MHz
	25 dB
	Unspecified
	3.6 dB
	2.9 dB

	Design 3
	60 MHz
	15 dB
	15 dB
	3.0 dB
	3.2 dB

	Design 4
	60 MHz
	25 dB
	15 dB
	3.6 dB
	3.2 dB

	Design 5
	50 MHz
	15 dB
	Unspecified
	2.5 dB
	2.0 dB

	Design 6
	50 MHz
	25 dB
	Unspecified
	2.8 dB
	2.0 dB

	Band 1
	
	
	
	1.5 dB
	2.0 dB


It can be seen from these results that depending on the filter design, the additional insertion loss compared to a Band 1 duplexer which can vary from 1.0 to 2.1dB on the Tx side, and 0 to 1.2 dB on the Rx side.  It should also be recognized that in some cases, particularly those designs which have the more demanding Tx attenuation requirement at 3510 MHz and Rx attenuation requirement at 3610 MHz, the insertion loss of the filter is greatest at the uppermost portion of its passband.  Finally, we note that the simulation effort has been focused on the upper filter; however, the lower filter also has challenges which are not reflected in these simulation results.  
The question naturally arises:  Which filter design and parameter choice should the specifications support?  The first answer might be that the specifications should support all of the filter designs.  In fact, this would be a very reasonable assertion for deriving requirements since the 3GPP specifications should enable a multitude of implementation options to support many different usage scenarios and applications.  The specifications should allow the different operators and vendors the greatest flexibility.  On the other hand, it can readily be seen that the insertion losses for this band can be daunting; coupling the large insertion loss of the RF front end with the increased free space propogation loss at 3.5 GHz makes for a very challenging link budget.  Due to this, it is possible that the applications for this band may be biased towards hotspot deployments or capacity overlay rather than traditional macro-cell deployment [3].  In those cases, sensitivity and cell size may be less of a priority compared to very high throughput via Rel-10/11 features such as higher order MIMO and/or carrier aggregation.  In any case, it is a difficult question to answer.  Taking a pragmatic, non-scientific approach, we take the average insertion loss across all filter designs 3, 4, 5, and 6 (we felt that including designs 1 and 2 into the average would be overweighting those two which are very similar to designs 3 and 4) since taking either the worst case or the best case seems unfair.  In this case, the additional insertion loss of the duplexer for Band 22 compared to Band 1 is 3.0 dB on Tx and 2.6 dB on Rx.
2.2.4. Filter switch

The SPDT filter switch introduces an additional loss that is not present in a single filter design.  The loss of that switch has been reported to be 0.8dB on Tx side, and 1.2dB on Rx side.

2.2.5. Composite insertion loss

In composite, the additional losses add up to 5.2dB additional insertion loss for both Rx and Tx.  Of this, the trace, connector, and switches represent wideband losses which are largely independent of frequency (i.e., not localized to band edges).  These account for 2.2dB and 2.6 dB for Rx and Tx, respectively, above that for Band 1.  The duplexer contributes the balance of the loss and it might be argued that the duplexer does have some fraction of its loss uniformly spread across the entire band and another fraction localized to one or both of its band edges.  One approximation may be to allocate the additional insertion loss across the band as 3.5 dB, as suggested in [2], and allow an additional 1.5 dB at the band edges.  This would enable some fraction of the duplexer loss across the band (which will be present) and to enable some possible droop at the inside edges where the filters overlap, as well as recognize that a large portion of the insertion loss may be localized at the outer band edges, especially when taking into consideration temperature and process variations.
2.3. Coexistence

The other piece of the puzzle is self-band coexistence; that is, the emissions from a Band 22 UE into the frequency range from 3510 – 3590 MHz.  In particular, the most challenging aspect will be the emissions at 3510 MHz due to the split duplexer design as described above.  It is recognized that if the upper Tx filter can provide 15 dB attenuation at 3510 MHz, that the emission limit of -40dBm/MHz can be met.  Assuming a 60 MHz filter, the Rx isolation provides protection beginning from 3530 MHz.  Therefore, at the limit it can be assured that -40dBm/MHz can be met from 3510 – 3530 MHz, and the conventional -50dBm/MHz can be met from 3530 – 3590 MHz.
3. Conclusion

In this contribution, the RF front end has been studied to identify the contributors to insertion loss and therefore reference sensitivity and maximum output power.  For this band, it is proposed to define the requirements with a dual filter architecture as a likely implementation option.  At this point in time, a single duplexer implementation seems infeasible.  Furthermore, it has been discussed that various tradeoffs exist in the filter design with associated advantages and disadvantages such as potential support for carrier aggregation bandwidths and improved coexistence emissions level, but at the cost of increased insertion loss.  Given the insertion losses associated with the connector, PCB trace, antenna switch, duplexer, and filter switch, it was found that the composite insertion loss is estimated to be 5.2 dB greater than that for Band 1.  Taking into consideration that much of this loss is distributed across the entire band, but some of it, particularly from the duplexer, may be split between the entire band and the band edges, we propose the following
1. Reference sensitivity to be Band 1 + 3.5 dB.  For carriers located within [4] MHz of the band edge, the reference sensitivity shall be relaxed by an additional 1.5 dB.

2. Maximum output power is 23 dBm +2/-5.5dB.  DeltaTc shall apply for this band.

3. Coexistence limits are -40dBm/MHz from 3510 – 3530 MHz, and -50 dBm/MHz from 3530 – 3590 MHz.
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