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1. Introduction

The requirements to define TDD bands 42 and 43 are nearly complete.  Reference sensitivity requirements have been discussed in previous meetings and in a recent teleconference [3], but remain in square brackets for confirmation.  In this contribtuion, we provide further data to follow up on [1] and our proposal for reference sensitivity and maximum output power.

2. Discussion

2.1. Coexistence

One of the key aspects which can affect reference sensitivity is that of coexistence.  Coexistence conditions with adjacent or nearby bands – both emissions and blocking – can impose requirements on the front-end filter.  In turn, this can lead to increased insertion loss of the component which degrades the noise figure of the receiver and potentially the maximum output power capability of the transmitter.  It has been agreed that RAN4 would take the following assumptions when deriving the requirements for Band 42 and 43
· Operation within the band is synchronized TDD when in the same geographical area

· Operation between Bands 42 and 43 are synchronized TDD when in the same geographical area

· Mixed FDD/TDD deployments are not considered within the same geographical area

With these assumptions and their associated restrictions in mind, it is possible to absolve the UE of responsibility for coexistence above that which is required for any traditional configuration of adjacent carriers with uplink-to-uplink and downlink-to-downlink interference.  In particular, the front-end filter will not be expected to provide any rejection from channel to channel and between Bands 42 and 43.

The exception to this rule is the coexistence condition between Band 22 and Band 43.  In this case, the adjacency is between an FDD band and a TDD band, so the coexistence must be handled by some combination of filtering, scheduling, power backoff, increased emissions allowance, and phyiscal separation between the devices.  It may be impractical to presume that the filter will provide significant attenuation with a frequency separation of 10 MHz at 3.5 GHz.  Therefore, even for this case, we do not rely upon the filter to provide significant attenuation.
2.2. RF Architecture

There are (at least) two options for implementing the TDD RF front-end as shown below in Figure 1 and Figure 2.  For the first option, separate Rx and Tx filters are used, each connected to the antenna switch, which is shown to be an SP10T in this example.  This first option requires twice as many filters (bearing in mind that only one radio path is shown; additional paths would be required for MIMO operation) and the associated size and cost penalty, but saves the insertion loss of the TR switch in the second option.  It seems reasonable that both implementation options should be allowed by the specifications.  Thus, we focus on the second option for the remainder of this contribution which carries the larger overall insertion loss.

[image: image1.emf]PA

Connector

To ANT

SP10T

TX

RX

SPDT

Filter


Figure 1.  TDD implementation option with separate Tx/Rx filters.
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Figure 2.  TDD implementation option with shared Tx/Rx filters through a TR switch.
2.3. Insertion Losses

Insertion losses for components at 3.5 GHz tend to be larger than for 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, filter, and the TR switch.  We discuss each of these below.

2.3.1. 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.
2.3.2. 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 0.8dB higher than the insertion loss of the switch for Band 38. 
2.3.3. Filter
In the filter design, we have assumed that there are no appreciable attenuation requirements in adjacent bands as mentioned above.  For the coexistence condition between Band 43 and Band 22, it is assumed that a relaxed emission requirement and A-MPR may be defined in the specification to protect a Band 22 victim from a Band 43 aggressor.  There is a nominal requirement of 15dB for rejection of the filter at the doubled carrier frequency and of 10dB protect the IMT bands at 2.7 GHz. 
Simulations from three filter vendors are provided below in Table 1for Band 42 and in Table 2 for Band 43.

Table 1.  Simulation results for Band 42 filter

	
	Bandwidth
	Max IL (corner)
	2f0 rejection
	2.7 GHz rejection

	Design 1
	200 MHz
	1.8
	20 dB
	30 dB

	Design 2
	200 MHz
	2.0
	15 dB
	10 dB

	Design 3
	200 MHz
	2.0
	20 dB
	15 dB


Table 2.  Simulation results for Band 43 filter

	
	Bandwidth
	Max IL (corner)
	2f0 rejection
	2.7 GHz rejection

	Design 4
	200 MHz
	1.8
	20 dB
	30 dB

	Design 5
	200 MHz
	2.0
	15 dB
	10 dB

	Design 6
	200 MHz
	2.0
	20 dB
	20 dB


Also, for a UE design that opts to use a single filter to cover both bands 42 and 43 have the following as shown in Table 3.

Table 3.  Simulation results for combined Band 42 and Band 43 filter

	
	Bandwidth
	Max IL (corner)
	2f0 rejection
	2.7 GHz rejection

	Design 7
	400 MHz
	1.9
	20 dB
	30 dB

	Design 8
	400 MHz
	2.3
	15 dB
	10 dB

	Design 9
	400 MHz
	2.0
	20 dB
	15 dB


Comparing the insertion loss of these filters to a Band 38 filter which has insertion loss of 2.3 dB, we see that these filters have a lower insertion loss by 0.3 to 0.5dB.
For these filters, since the rejection requirements are so lax and there is no Rx isolation requirement, the insertion loss at the band edge is not significantly greater than at mid-band.
2.3.4. TR 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 0.8 dB by the component vendor.
2.3.5. Composite insertion loss

In composite, the additional losses add up to 1.5dB additional insertion loss for both Rx and Tx compared to Band 1 or to Band 38.  These losses are expected to the flat across the entire band.

2.4. Output power
Insertion loss of the RF front end has been discussed above and this is one factor which certainly affects maximum output power.  However, another consideration is the PA.  PA’s are challenged at 3.5 GHz to provide sufficient gain while maintaining linearity and flatness.  PA efficiency also suffers due to the wide bandwidth [2].  Based on measurements taken on two PA’s designed for operation at 3.5 GHz (for WiMax) and summarized below in Table 4.

Table 4.  Measurements of 3.5 GHz PA's.

	
	Output power (dBm)
	E-UTRA ACLR (dB)
	Efficiency (%)

	
	10 MHz
	20 MHz
	10 MHz
	20 MHz
	10 MHz
	20 MHz

	PA1
	28.6
	28.6
	30.1
	29.9
	31.36
	33.26

	PA2
	28.3
	28.2
	31
	30.3
	24.4
	24.1


The maximum output power that could be delivered is approximately 28.5 dBm while meeting the E-UTRA ACLR requirement of 30dBc.  Given the additional insertion loss in the front-end that is 1.5dB higher than Band 38, it may not be possible to achieve 23 dBm maximum output power at the antenna port.  Furthermore, the measured efficiency of these PA’s was approximately 30% or lower, which is significantly worse than typical PA efficiencies for the lower frequency bands where the target is typically 35% or better.  The result would be higher power consumption and thermal generation to the point where it may not even be possible to deliver maximum output power for sustained periods of time on current or thermal constrained platforms.  
3. Conclusion

We have presented the expected component losses for the RF front-end to support Bands 42 and 43 at 3.5 GHz.  The assumption of synchronized deployments have alleviated any significant attenuation requirements from the filter design so that the insertion losses can be very small.  However, of course, this has merely shifted the burden of coexistence to the deployment itself and coordination between adjacent networks.  However, based on the front-end losses that will still be present, it is proposed that the reference sensitivity and maximum output power be relaxed by 1.5dB compared to Band 38.

Refsens = Band 38 + 1.5 dB.  
Max output power = +23 dBm +2/-3.5 dB.
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