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1. Introduction

In this contribution, reference sensitivity and maximum output power are proposed for the 70+90 MHz AWS extension band.  
2. Discussion

The AWS extension band being considered is 1710 – 1780 MHz uplink paired with 2110 – 2200 MHz downlink.  It can be seen that this band, denoted as Band 66, is a superset of existing Band 4 but with a larger downlink than uplink.  The lower 70 MHz of uplink is paired with the lower 70 MHz of downlink with the same Tx-Rx separation as Band 4.  Therefore, this lower 70 MHz is a straightforward extension to Band 4.  The additional uppermost 20 MHz of downlink is envisioned to be included by carrier aggregation as a supplemental downlink (SDL) SCell carrier.  One way to enable SDL of the upper 20 MHz of downlink with the remainder of this band, for the purpose of interoperability, is to assume for the purpose of band definition that both segments are contained within a single 90 MHz Rx filter in the UE.  With the assumption that both of the lower 70 MHz and upper 20 MHz segments are contained within the same filter, contiguous or non-contiguous downlink intra-band carrier aggregation within the entire 90 MHz span is facilitated as it would be in any other band.

Filter performance

In acknowledgment of the above, it is appropriate to study the performance of a 70+90 duplexer when deriving reference sensitivity and maximum output power requirements for the UE.  Indeed, extensive study has already been conducted on the filter performance for this band.  Much of this data has been reported in the technical report [1] output of the study item phase of this band definition.  Additional updated filter data was also reported more recently in [2].

First, as reference, data for Band 4 duplexer performance is provided.  This data is reproduced from Table 8.1-4 of [1].

Table 1.  Band 4 filter performance reference

	Tx IL
	Rx IL
	Tx Isolation
	Rx Isolation
	Source

	1.7
	2.2
	54
	50
	Vendor A, Table 8.1-4 of [1]

	1.8
	2.2
	55
	50
	Vendor B, Table 8.1-4 of [1]

	2
	2.5
	55
	47
	Vendor C, Table 8.1-4 of [1]

	1.8
	1.8
	60
	60
	Vendor D, Table 8.1-4 of [1]

	1.8
	2.2
	56
	52
	Average


Next, we summarize the duplexer performance data for the 70+90 extended AWS band as reported in [1] and [2].
Table 2.  Band 66 70+90 filter performance

	Tx IL
	Rx IL
	Tx Isolation
	Rx Isolation
	Source

	2.8*
	3.5*
	52
	48
	Vendor A, Table 8.1-2 of [1]

	2.3*
	3.2*
	50
	50
	Vendor B, Table 8.1-2 of [1]

	2.2
	2.5
	60
	60
	Vendor A, Table 8.1-3 of [1]

	2.3
	2.9
	51
	46
	Vendor B, Table 8.1-3 of [1]

	2.5
	3.5
	49
	50
	Vendor C, Table 8.1-3 of [1]

	2.5
	3.1
	51
	52
	Vendor A, Table 8.1-4 of [1]

	2.9
	2.9
	55
	50
	Vendor B, Table 8.1-4 of [1]

	2.5
	3.5
	53
	45
	Vendor C, Table 8.1-4 of [1]

	2.2
	2.5
	60
	60
	Vendor D, Table 8.1-4 of [1]

	2.4
	3.5
	55
	55
	Vendor E, Table 8.1-4 of [1]

	1.3
	1.8
	60
	60
	Vendor A of [2]

	2.3
	2.9
	55
	50
	Vendor B of [2]

	2.5
	3.2
	45
	50
	Vendor C of [2]

	2.5
	2.8
	52
	48
	Vendor D of [2]

	2.4
	3.0
	53
	52
	Average

	*The TxIL and RxIL data for these two rows was a computed value since only the difference in performance compared to Band 4 was reported.  The average value from Band 4 filter performance from Table 1 was used to convert from delta performance to absolute performance.


The difference in performance of the Band 66 70+90 filter compared to the reference Band 4 filter is shown below.  The average of all values provided across all vendors was used to form the comparison.

Table 3.  Difference in filter performance between Band 66 and Band 4

	Delta Tx IL
	Delta Rx IL
	Delta Tx isolation
	Delta Rx isolation

	0.6
	0.8
	-3
	0


It can be seen that the Band 66 filter underperforms the Band 4 filter in Tx and Rx insertion loss as well as Tx isolation.  This is not surprising since the Band 66 filter is a significantly more challenging filter design than the Band 4 filter.  Therefore, it is technically sound that the performance specifications for a Band 66 device would be accordingly relaxed comapred to requirements for Band 4.

Sub-band performance
The filter data reported so far considers the worst case performance of the filter across its entire passband frequency range – 70 MHz in Tx and 90 MHz in Rx and including frequency shift of the filter corner frequencies to account for process and temperature variation.  This is the typical method by which filters are evaluated for the purpose of deriving reference sensitivity and maximum output power since these requirements must be met for a channel located anywhere within the band.  However, an alternative approach for this band was suggested in [3] whereby the filter profile as a function of frequency could be reflected in reference sensitivity.  The motivation for this alternative approach is that the design of a filter for this band is extremely difficult and impractical to support the entire band with a flat response.  The filter response will decay at one or both band edges depending on how the filter is centered.  Simultaneously, it is highly desirable to maintain as much as possible legacy Band 4 performance within the frequency range of Band 4 as a subset of Band 66 while at the same time, it may be more palatable to accept degradation in the uppermost 20 MHz of downlink since this would be used as a supplemental carrier.  This reasoning would imply that the filter should be designed to optimize its performance in the lowermost 45 MHz and evaluate its resultant performance over the remainder of the band.  This would also imply that reference sensitivity, and all other requirements dependent on reference sensitivity such as ACS, blocking, etc. would be defined with two or more distinct values depending on the location of the carrier within the band.  A similar approach has been followed in defining MSD for some CA configurations taking into account the shape of the filter transfer function over frequency, but the additional complexity in the specification and testing has been highlighted as a disadvantage to this approach.

Because of the additional complexity and the time required to re-evaluate all of the filter simulations, to define breakpoints, and to agree to multiple values of reference sensitivity, and in consideration of the time urgency of completing this band definition (only three RAN4 meetings remain until scheduled completion of the work item), we suggest the simpler approach that a single reference sensitivity value be adopted across the entire band.  Moreover, in more recent filter data obtained, the benefit of such an approach is not as profound as hoped.  Even with optimization towards the lower end, the performance of the filter was not able to match that of the Band 4 filter and the advantage in insertion loss of the lower portion of the filter compared to the upper portion was only fractions of a dB for at least two filter vendors investigated.  

While a single value for reference sensitivity across the band may be slightly inferior to an approach that partitions the band in the Band 4 frequency range, the actual performance of the device will enjoy the improvement in insertion loss over this frequency range.  This is no different from any other band where the actual performance of some channels will differ and exceed the specification since in reality, the transfer characteristic of the receiver or transmitter is not uniformly flat across the entire band.  Band 25 and Band 2 is a similar configuration where the superset band is specified with flat reference sensitivity across the band, but where devices currently outperform the specification in the lower portion of the band.  In order to expedite the completion of the band definition and to avoid the delay of having to re-evaluate all of the filter simulations, we propose to derive the single reference sensitivity value based on the existing simulations rather than new simulations.  Anyways, the newest simulations from at least two filter vendors did not indicate significant improvement in performance when optimizing over the Band 4 range of the filter.  With this understanding, we proceed to derive reference sensitivity and maximum output power below, taking Band 4 as a baseline.
However, one noteworthy consideration to keep in mind is that while the duplexer did not show significant variation in insertion loss for the Band 4 frequency range compared to the entire 90 MHz frequency range, for the eventual case of inter-band carrier aggregation requiring a quadplexer, there is indication of a much more significant impact from the filter rolloff at the edge of the band.  One filter vendor has indicated that the filter droop at the upper band edge of a B2+B66 quadplexer is approximately 4.4 dB, leading to a 2 dB loss compared to Band 4 even when operating in single carrier or SDL in the upper portion of the band.  This degradation is out-of-scope to the present work item and will be treated when B2+B66 carrier aggregation is formally proposed for this band as a new work item.
Reference sensitivity

The reference sensitivity is impacted by the additional insertion loss in the Rx path since this directly increases the overall noise figure of the receiver.  Moreover, the loss in Tx isolation results in an increase to IP2 generated noise also degrading receiver performance.  Therefore, given the increase in front-end insertion loss by 0.8 dB and the decrease in Tx isolation by 3 dB, we propose reference sensitivity for Band 66 to be 1 dB relaxed compared to Band 4, noting that this still exceeds Band 2 reference sensitivity by 1 dB for example.  
Table 7.3.1-1: Reference sensitivity QPSK PREFSENS 

	Channel bandwidth

	E-UTRA Band
	1.4 MHz
(dBm)
	3 MHz
(dBm)
	5 MHz
(dBm)
	10 MHz
(dBm)
	15 MHz
(dBm)
	20 MHz
(dBm)
	Duplex Mode

	4
	-104.7
	-101.7
	-100
	-97
	-95.2
	-94
	FDD

	66
	
	
	-99
	-96
	-94.2
	-93
	FDD


Another question that arises is whether RIB relaxations applicable to Band 4 should also be made available for Band 66 to promote interoperability.    For example, for a UE that supports CA_2A-4A, it is allowed 0.3 dB RIB in Band 4 single carrier reference sensitivity and a question is whether that relaxation should also be allowed in Band 66.  The answer is no.  Any relaxation as a result of additional front-end losses to support carrier aggregation should be treated separately if and when such a CA combination is defined with Band 66.  The front-end loss, for example, of a B2+B66 quadplexer has been observed to be much larger than it is for a B2+B4 quadplexer justifying a larger RIB for Band 66.  However, such judgment should be made at the time when such a band combination is proposed and evaluated.
Uplink configuration

Given the large 400 MHz Tx-Rx separation for Band 66, the uplink configuration for reference sensitivity can be fully allocated.
Maximum output power

Maximum output power is also potentially impacted by the additional front-end loss associated with the Band 66 filter compared to the Band 4 filter.  If, for example, it is desired to share a common PA between Band 4 and Band 66, it can be expected that the maximum output power in Band 66 would be degraded by the 0.6 dB additional Tx insertion loss in the Band 66 filter.  However, it is possible that a shared PA in this frequency range is also shared with other bands which may require more output power.  Band 4 is typically not the limiting band when dimensioning the output PA power.  Therefore, in spite of the additional Tx insertion loss in the Band 66 filter, it is proposed that maximum output power can be maintained at 23 dBm +/- 2 dB for Band 66.  
3. Conclusion
In this contribution, we propose reference sensitivity and maximum output power for Band 66 based on filter data that has previously been provided.  We consider that reference sensitivity is typically defined across the entire band, but there was an alternative proposal presented whereby the reference sensitivity requirement would be divided into two or more frequency ranges to accommodate the filter transfer characteristic.  However, for the sake of simplicity in the specification and timeliness in completing the work item, as well as filter data showing limited advantage to sub-band approach, we propose that a single reference sensitivity value be adopted for the band recognizing that in practice, devices may indeeed outperform the reference sensitivity in accordance with the filter transfer characteristic.  Maximum output power for this band can be maintained at 23 dBm +/- 2 dB.
Proposal 1a:  Band 66 reference sensitivity is defined uniformly across the band.

Proposal 1b:  Band 66 reference sensitivity is relaxed by 1 dB compared to Band 4.
Proposal 2:  Uplink configuration for reference sensitivity is full allocation.

Proposal 3:  Maximum output power is 23 dBm +/- 2 dB.
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<<< TP to follow >>>
8.1


UE specific (stand alone band)

Newer simulated filter data for the AWS extension band (1710-1780MHz UL/2110-2200MHz DL) is shown in Table 8.1-1.  The data provided is all under extreme temperature condition (ETC).

Table 8.1-1.  Simulated filter data for AWS extension band
	
	TX IL Max
	RX IL Max
	TX Isolation Min
	RX Isolation Min

	Vendor A
	1.3 dB
	1.8 dB
	60 dB
	60 dB

	Vendor B
	2.3 dB
	2.9 dB
	55 dB
	50 dB

	Vendor C
	2.5 dB
	3.2 dB
	45 dB
	50 dB

	Vendor D
	2.5 dB
	2.8 dB
	52 dB
	48 dB

	Average
	2.2 dB
	2.7 dB
	53 dB
	52 dB


In general, an improvement in filter performance is observed over the ones collected during the SI phase [3]. 

Filter data including that reported during the SI as well as the more recent data reported above is summarized below.

First, as reference, data for Band 4 duplexer performance is provided.  This data is reproduced from Table 8.1-4 of [3].

Table 8.1-2.  Band 4 filter performance reference

	Tx IL
	Rx IL
	Tx Isolation
	Rx Isolation
	Source

	1.7
	2.2
	54
	50
	Vendor A, Table 8.1-4 of [3]

	1.8
	2.2
	55
	50
	Vendor B, Table 8.1-4 of [3]

	2
	2.5
	55
	47
	Vendor C, Table 8.1-4 of [3]

	1.8
	1.8
	60
	60
	Vendor D, Table 8.1-4 of [3]

	1.8
	2.2
	56
	52
	Average


Next, we summarize the duplexer performance data for the 70+90 extended AWS band as reported in [3] and Table 8.1-1 above.
Table 8.1-3.  Band 66 70+90 filter performance

	Tx IL
	Rx IL
	Tx Isolation
	Rx Isolation
	Source

	2.8*
	3.5*
	52
	48
	Vendor A, Table 8.1-2 of [3]

	2.3*
	3.2*
	50
	50
	Vendor B, Table 8.1-2 of [3]

	2.2
	2.5
	60
	60
	Vendor A, Table 8.1-3 of [3]

	2.3
	2.9
	51
	46
	Vendor B, Table 8.1-3 of [3]

	2.5
	3.5
	49
	50
	Vendor C, Table 8.1-3 of [3]

	2.5
	3.1
	51
	52
	Vendor A, Table 8.1-4 of [3]

	2.9
	2.9
	55
	50
	Vendor B, Table 8.1-4 of [3]

	2.5
	3.5
	53
	45
	Vendor C, Table 8.1-4 of [3]

	2.2
	2.5
	60
	60
	Vendor D, Table 8.1-4 of [3]

	2.4
	3.5
	55
	55
	Vendor E, Table 8.1-4 of [3]

	1.3
	1.8
	60
	60
	Vendor A of Table 8.1-1

	2.3
	2.9
	55
	50
	Vendor B of Table 8.1-1

	2.5
	3.2
	45
	50
	Vendor C of Table 8.1-1

	2.5
	2.8
	52
	48
	Vendor D of Table 8.1-1

	2.4
	3.0
	53
	52
	Average

	*The TxIL and RxIL data for these two rows was a computed value since only the difference in performance compared to Band 4 was reported.  The average value from Band 4 filter performance from Table 1 was used to convert from delta performance to absolute performance.


The difference in performance of the Band 66 70+90 filter compared to the reference Band 4 filter is shown below.  The average of all values provided across all vendors was used to form the comparison.

Table 8.1-4.  Difference in filter performance between Band 66 and Band 4

	Delta Tx IL
	Delta Rx IL
	Delta Tx isolation
	Delta Rx isolation

	0.6
	0.8
	-3
	0


8.1.1


UE TX requirements

<text to be added>
8.1.1.1


Unwanted emissions 
<text to be added>
8.1.1.2


Maximum output power 
Maximum output power is also potentially impacted by the additional front-end loss associated with the Band 66 filter compared to the Band 4 filter.  If, for example, it is desired to share a common PA between Band 4 and Band 66, it can be expected that the maximum output power in Band 66 would be degraded by the 0.6 dB additional Tx insertion loss in the Band 66 filter.  However, it is possible that a shared PA in this frequency range is also shared with other bands which may require more output power.  Band 4 is typically not the limiting band when dimensioning the output PA power.  Therefore, in spite of the additional Tx insertion loss in the Band 66 filter, it is proposed that maximum output power can be maintained at 23 dBm +/- 2 dB for Band 66.  

8.1.2


UE RX requirements

8.1.2.1


UE REFSENS
The reference sensitivity is impacted by the additional insertion loss in the Rx path since this directly increases the overall noise figure of the receiver.  Moreover, the loss in Tx isolation results in an increase to IP2 generated noise also degrading receiver performance.  Therefore, given the increase in front-end insertion loss by 0.8 dB and the decrease in Tx isolation by 3 dB, we propose reference sensitivity for Band 66 to be 1 dB relaxed compared to Band 4, noting that this still exceeds Band 2 reference sensitivity by 1 dB for example.  

Table 7.3.1-1: Reference sensitivity QPSK PREFSENS 

	Channel bandwidth

	E-UTRA Band
	1.4 MHz
(dBm)
	3 MHz
(dBm)
	5 MHz
(dBm)
	10 MHz
(dBm)
	15 MHz
(dBm)
	20 MHz
(dBm)
	Duplex Mode

	4
	-104.7
	-101.7
	-100
	-97
	-95.2
	-94
	FDD

	66
	
	
	-99
	-96
	-94.2
	-93
	FDD


Another question that arises is whether RIB relaxations applicable to Band 4 should also be made available for Band 66 to promote interoperability.    For example, for a UE that supports CA_2A-4A, it is allowed 0.3 dB RIB in Band 4 single carrier reference sensitivity and a question is whether that relaxation should also be allowed in Band 66.  The answer is no.  Any relaxation as a result of additional front-end losses to support carrier aggregation should be treated separately if and when such a CA combination is defined with Band 66.  The front-end loss, for example, of a B2+B66 quadplexer has been observed to be much larger than it is for a B2+B4 quadplexer justifying a larger RIB for Band 66.  However, such judgment should be made at the time when such a band combination is proposed and evaluated.

8.1.2.1.1


Uplink configuration
Given the large 400 MHz Tx-Rx separation for Band 66, the uplink configuration for reference sensitivity can be fully allocated.
<<< End of TP >>>
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