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Introduction

In this contribution we present additional duplex filter results (FBAR) with a comparison of the upper-band and propose reference sensitivity requirements for the upper sub-band. 
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Background: Band 5 or Band 8 performance?
From the duplexer performance data gathered thus far, it appears that Band 8 REFSENS performance is within reach. The minimum performance is largely governed by the filter behaviour at the operating band edges: the slopes of the filter traces are steeper at the corners of the extended band with its larger passband and smaller duplex gap. The performance in for mid channels will be better, e.g. for channels within Band 19 that is located in the sweet-spot of the extended filter.

Devices equipped with an extended 850 filter roaming in a Band 5 network could experience a performance impact if the wanted channel is at the upper edge (towards 849/894 MHz). However, the impact of the filter edges is less pronounced for the wider bandwidths.
Table 1 shows the reference sensitivity as obtained by assuming Band 5 and Band 8 baseline performance, respectively. The method of calculation is described in the annex of the text proposal below.
Table 1: Reference sensitivity QPSK PREFSENS with different baseline performance
	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

	5
	-103.2
	-100.2
	-98
	-95
	
	
	FDD

	8
	-102.2
	-99.2
	-97
	-94
	
	
	FDD

	18/19
	
	
	-100
	-97
	-95.2
	
	FDD

	
	Band 8 performance (Note 1)

	814-849/859-894 MHz
	-102.2
	-99.2
	-97
	-93.5
	-90.2 
	
	FDD

	
	Band 5 performance (Note 2)

	814-849/859-894 MHz
	-103.2
	-100.2
	-98
	-94.5
	-91.5 
	
	FDD

	Note 1:      Fmax = 12 dB (corresponds to NF = 12 dB not accounting for excessive transmitter noise) 
Note 2:      Fmax = 11 dB.



The 15 MHz can probably be improved (there results are about 2 dB worse than Band 19).
The key difference between the Band 5 and Band 8 performance is the insertion loss. The isolation at TX and RX is also different, this determines rejection of the transmitter blocker and the transmit OOBE. The difference in insertion loss is largest at the band edges, mid-band there are only differences of a few tenths of dBs. The specified insertion loss accounts for process variations and temperature variations causing frequency drift, and is determined by the attenuation across a range slightly wider than the passband. 

Data from various filter vendors are given in Table 2. 
Table 2: estimated insertion loss and isolation (specified)

	Frequency range 
	UL(Tx) IL
[dB]
	DL (Rx) IL
[dB]
	UL (Tx) Iso

[dB]
	DL (Rx) Iso

[dB]

	
	Vendor 1 (SAW)

	814-849/859-894 MHz
	3.0
	3.5
	50
	42

	Band V/5
	1.8
	1.8
	54
	45

	Band VIII/8
	3.0
	3.0
	50
	42

	
	Vendor 2 (SAW)

	814-849/859-894 MHz
	4.5
	5.0
	50
	45

	Band V/5
	1.9
	2.2
	57
	49

	Band VIIII/8
	2.7*
	3.5
	55
	48

	
	Vendor 3 (SAW)

	814-849/859-894 MHz
	3.5
	4.0
	50
	42

	Band V/5
	2.5
	2.2
	52
	48

	Band VIIII/8
	3.7
	3.5
	53
	46

	
	Vendor 4 (SAW)

	814-849/859-894 MHz
	2.9 (CW)
	3.5 (CW)
	50
	46

	Band V/5
	2.0 (CW)
	2.2 (CW)
	52
	48

	Band VIIII/8
	3.0 (CW)
	3.5 (CW)
	50 
	42

	
	Vendor 5 (FBAR)

	814-849/859-894 MHz
	[4.0]
	[4.5]
	>55
	>50

	Band V/5
	[2.0]
	[2.0]
	>55
	>50

	
	
	
	
	


For narrow bandwidths like 1.4 MHz the difference in actual sensitivity performance would vary significantly across the passband for the E850 passband for some filter implementations: the CW response of the filter would give an indication. However, for wider bandwidths there is an averaging effect due to the interleaving in the coding across the PRB. The spread-spectrum UTRA system also shows an averaging effect, some filter specifications are weighted by the UTRA RRC filter. 

For the larger E-UTRA the averaging effect is significant and will also lead to lesser differences between bands. To this end, we show simulations of decoding performance for edge channels for which the duplexer attenuates the edge PRBs gradually by a certain amount. The analogue filter is modelled by a 3rd order Butterworth filter for simplicity (the phase response not too far that of real duplexers for some operating bands). Figure 1 shows the CW response of a filter for the 5 MHz at the band edge, for carrier frequencies > 5 MHz from the edge the attenuation is normalised to 0 dB. Let us assume that 9.5 MHz on the abscissa in Figure 1 represents the actual band edge (1.5 dB CW attenuation).
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Figure 1: simulated RX duplexer response with 1.5 dB CW attenuation at band edge (9.5 MHz).
Now, if a 10 MHz carrier is allocated such that the outer RB is located at 9 MHz and the nominal channel edge at 9.5 MHz, the CW filter response yields a 1.5 dB attenuation compared to mid-band. However, the difference in sensitivity performance for this edge-channel compared to a mid-channel (0 dB CW attenuation) is less than 0.2 dB. For a 5 MHz channel located at the edge, the difference is around 0.3 dB in this case. 
Figure 2 shows another filter implementation with larger difference between the mid-band and edge-band filter response: 2 dB at the 9 MHz and 3 dB at 9.5 dB (the band edge). This yields a difference in sensitivity performance for the edge-channel compared to a mid-channel less than 0.3 dB for the 10 MHz channel and 0.5 dB for the 5 MHz channel. Comparing to the case above, the 5 MHz channel is more affected since lesser averaging effect (for the 10 MHz edge-channel, 50% of the RB(s) is not attenuated in relation to mid-band). The difference between the filter response in Figure 1 and Figure 2 mimics the difference between the Band 5 and Band 8 responses at the edge.
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Figure 2: simulated RX duplexer response with 3 dB CW attenuation at band edge (9.5 MHz).
Taking this further, and increasing the edge attenuation to 3 dB at 9 MHz and > 4 dB compared to mid-band, we have the response in Figure 3. This yields a difference in sensitivity performance for the edge-channel compared to a mid-channel of about 0.5 dB for the 10 MHz channel and 1.0 dB for the 5 MHz channel. Comparing with the response in Figure 1, we note that an increase of the CW attenuation at the edge of 2.5 dB results in a difference in sensitivity performance of 0.8 dB for the 5 MHz edge-channel and 0.3 dB for the 10 MHz channel.
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Figure 3: simulated RX duplexer response with 4 dB CW attenuation at band edge (9.5 MHz).
It is noted that the above results only give an indication of the averaging effect at the edges of operating bands implemented with duplexers with very steep filter response near the band edge. We have only considered one type of filter response for our simulation. For most operating bands the response is more flat and the variation of the filter response within 5 MHz from the band edge is smaller than that in Figure 3. The larger bandwidths display 

· a beneficial averaging effect across variable insertion loss 

· but are more sensitive to transmitter noise due to the smaller TX-RX separation compared to the smaller bandwidths.

The reference sensitivity results for the upper-sub band will depend on whether Band 5 or Band 8 performance is taken as a baseline as shown in Table 1. In terms of the specified insertion loss in Table 2, the simulation results above suggest the following specification of the reference sensitivity for the E850 upper sub-band with its anticipated duplex filter response: 

· assume Band 5 performance as baseline for the 10 and 15 MHz channels (averaging effect but large impact of transmitter noise)

· assume the Band 5 requirement + 0.5 dB for the 5 MHz (also applies for UTRA)

· Band 8 performance for 1.4 and 3 MHz (no averaging effect but less impact of transmitter noise)

This suggests the following for E-UTRA, see Table 3 and use the Band 5 and 8 performance results in Table 1:
Table 3: 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

	5
	-103.2
	-100.2
	-98
	-95
	
	
	FDD

	8
	-102.2
	-99.2
	-97
	-94
	
	
	FDD

	18/19
	
	
	-100
	-97
	-95.2
	
	FDD

	
	Combining Band 5 and Band 8 performance (Notes 1 and 2) 

	814-849/859-894 MHz
	-102.2
	-99.2
	-97.5
	-94.5
	-91.5 
	
	FDD

	
	Tentative requirements

	814-849/859-894 MHz
	-103.2
	-100.2
	-98
	[-95]
	[-92] 
	
	FDD

	Note 1:      Fmax = 12 dB. 
Note 2:      Fmax = 11 dB.



It may be possible to set the 10 MHz and 15 MHz performance as indicated in the last row of Table 3: this depends on the isolation achieved at RX for the E850 duplexer.

The results in Table 3 are included in the text proposal below along with additional filter data for FBAR filter. The results for UTRA reference sensitivity are aligned with the E-UTRA (+0.5 dB above Band V)
3
Proposal
We propose to include the text proposal below into TR 37.806.

TEXT PROPOSAL:

<start of text proposal for Clause 5.2>

5.2.3.2.2
Filter characteristics for FBAR/BAW technology

Insertion loss for TX and RX 
Figure 5.2.3.2.2-X shows provisional results for the attenuation from TX to the antenna. It is noted that the results are indicative: they are based simulations and not representing a final product. All traces are “typical” at 25 C. About 2.5 MHz allowance at either end of the pass band needs to be made for performance over temperature and process variation. Figure 5.2.3.2.2-Y shows provisional results for the attenuation from the antenna to the RX.
[image: image4.emf]
Figure 5.2.3.2.2-X: attenuation from TX to antenna for an E850 upper sub-band.
[image: image5.emf]
Figure 5.2.3.2.2-Y: attenuation from antenna RX for E850 upper sub-band.

[Comparison to Band 5]
Figure 5.2.3.2.2-X1 shows results for the attenuation from TX to the antenna for a Band 5 FBAR duplexer. The corresponding results from antenna to RX are shown in Figure 5.2.3.2.2-Y1.
[image: image6.emf]
Figure 5.2.3.2.2-X1: attenuation from TX to antenna for a Band 5 FBAR filter.

[image: image7.emf]
Figure 5.2.3.2.2-Y1: attenuation from antenna to RX for a Band 5 FBAR filter.
Comparing the extended filter with the Band 5 response we observe that

· there is up to 1 dB difference in typical receiver insertion loss according to 5.2.3.2.2-Y and 5.2.3.2.2-Y2 for operation in the Band 5 frequency range at ambient temperature, lesser difference for mid-band operation
· there is no significant difference for Band 19 implemented with a Band 5 duplexer:
· operation in Band 18 would be more affected by the steeper edge (less for the wider bandwidths > 5 MHz);
· the influence of temperature variation (across -20 C to +85 C) is smaller for the Band 5 duplexer, the pass-band of which is narrower;

· the specified performance accounting for temperature and batch variation significantly better for Band 5 duplexer.
The SAW filter responses above displayed a slightly lesser difference at the band edges. It is noted again that the E850 FBAR data is provisional.
Tx-Rx isolation
Simulated results of the TX-RX isolation for an FBAR filter is shown in Figure 5.2.3.2.2-Z.
[image: image8.emf]
Figure 5.2.3.2.2-Z: isolation for an E850 upper sub-band duplexer.

Wideband response
The wideband response is also interesting for coexistence with other bands: Figure 5.2.3.2.2-Z1 shows the results for the E850 upper sub-band FBAR filter. The rejection is better than 30 dB for the ISM band for example (both TX and RX).
[image: image9.emf]
Figure 5.2.3.2.2-Z1: wideband response for an E850 upper sub-band FBAR duplexer.
5.2.3.2.3
Possible specification and comparison with other bands in the range

Provisional specifications over a temperature range -20 C to +85 C are given in 5.2.3.2.3-1, a larger range than that for ETC.
Table 5.2.3.2.3-1: estimated insertion loss and isolation (specified)

	Frequency range 
	UL(Tx) IL
[dB]
	DL (Rx) IL
[dB]
	UL (Tx) Iso

[dB]
	DL (Rx) Iso

[dB]

	
	Vendor 1 (SAW)

	814-849/859-894 MHz
	3.0
	3.5
	50
	42

	Band V/5
	1.8
	1.8
	54
	45

	Band VIII/8
	3.0
	3.0
	50
	42

	
	Vendor 2 (SAW)

	814-849/859-894 MHz
	4.5
	5.0
	50
	45

	Band V/5
	1.9
	2.2
	57
	49

	Band VIIII/8
	2.7*
	3.5
	55
	48

	
	Vendor 3 (SAW)

	814-849/859-894 MHz
	3.5
	4.0
	50
	42

	Band V/5
	2.5
	2.2
	52
	48

	Band VIIII/8
	3.7
	3.5
	53
	46

	
	Vendor 4 (SAW)

	814-849/859-894 MHz
	2.9 (CW)
	3.5 (CW)
	50
	46

	Band V/5
	2.0 (CW)
	2.2 (CW)
	52
	48

	Band VIIII/8
	3.0 (CW)
	3.5 (CW)
	50 
	42

	
	Vendor 5 (FBAR)

	814-849/859-894 MHz
	[4.0]
	[4.5]
	>55
	>50

	Band V/5
	[2.0]
	[2.0]
	>55
	>50

	
	
	
	
	


Note that some of the duplexer specifications provided by the vendors (as indicated by the asterisk) are valid for a slightly reduced frequency range. [The specification points for the FBAR filter are based on the traces in the figures above and adding 2.5 MHz on either side of the nominal pass bands.]
<end of text proposal for Clause 5.2>
<start of text proposal for Clause 6.3>

6.3.2.2
Reference sensitivity
6.3.2.2.1
The sub-band 806-[824]/851-[869] MHz

<text will be added>
6.3.2.2.2
The sub-band 814-849/859-894 MHz

The anticipated requirement reference sensitivity is shown in Table 6.3.2.2.2-1. The result for the upper sub-band is aligned with that for 5 MHz E-UTRA discussed in section 7.3.2.2.2: given by a +0.5 dB offset from the Band V result.

Table 6.3.2.2.2-1: Test parameters for reference sensitivity

	Operating Band
	Unit
	DPCH_Ec <REFSENS> 
	<REFÎor>

	V
	dBm/3.84 MHz
	-115
	-104.7

	VIII
	dBm/3.84 MHz
	-114
	-103.7

	814-849/859-894 MHz
	dBm/3.84 MHz
	-114.5
	-104.2


6.3.2.3
Maximum input level

<end of text proposal for Clause 6.5>

<start of text proposal for Clause 7.3>

7.3.2.2
Reference sensitivity
The reference sensitivity can be estimated as shown in Annex A for two different transceiver architectures that should cover the possible implementations, the minimum requirements apply for any architecture.
We begin by listing the ACLRRX values for various allocations (Table 7.3.2.2-1), a measure of the transmitter noise falling into the receive band, assuming a transmitter that just meets the minimum requirements for image and LO leakage (-25 dBc). 

Table 7.3.2.2-1 ACLRRX (dBc) for various UL allocations
	E-UTRA Band
	5 MHz
	10 MHz
	15 MHz

	5,18,19
	88.4 (25 RB)
	80 (25 RB)
	[75] (20 RB)

[74] (25 RB)


The difference between the 20 and 25 RB allocations are small for the 15 MHz bandwidth due to intermodulation products falling into the receive bands [further verification needed]. The results in the table above are applicable for both sub-bands.
7.3.2.2.1
The sub-band 806-[824]/851-[869] MHz

<text will be added>
7.3.2.2.2
The sub-band 814-849/859-894 MHz
Table 7.3.2.2.2-1 shows the reference sensitivity as obtained by assuming Band 5 and Band 8 baseline performance, respectively. The method of calculation is described in Annex A.
Table 7.3.2.2.2-1: Reference sensitivity QPSK PREFSENS with different baseline performance

	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

	5
	-103.2
	-100.2
	-98
	-95
	
	
	FDD

	8
	-102.2
	-99.2
	-97
	-94
	
	
	FDD

	
	Band 8 performance (Note 1)

	814-849/859-894 MHz
	-102.2
	-99.2
	-97
	-93.5
	-90.2 
	
	FDD

	
	Band 5 performance (Note 2)

	814-849/859-894 MHz
	-103.2
	-100.2
	-98
	-94.5
	-91.5 
	
	FDD

	Note 1:      Fmax = 12 dB. 
Note 2:      Fmax = 11 dB.



The key difference between the Band 5 and Band 8 performance is the insertion loss. The isolation at TX and RX is also different, this determines rejection of the transmitter blocker and the transmit OOBE. 
The difference in insertion loss is largest at the band edges, mid-band there are only differences of a few tenths of dBs, see filter traces in Section 5.2.3. The specified insertion loss accounts for process variations and temperature variations causing frequency drift, and is determined by the attenuation across a range slightly wider than the passband. Data from various filter vendors are given in Table 5.2.3.2.3-1. For narrow bandwidths like 1.4 MHz the difference in actual sensitivity performance would vary significantly across the passband for the E850 passband for some filter implementations: the CW response of the filter would give an indication. However, for wider bandwidths there is an averaging effect due to the interleaving and coding across the PRB. The spread-spectrum UTRA system also shows an averaging effect, some filter specifications are weighted by the UTRA RRC filter. 
For most operating bands the response is more flat and the variation of the filter response at the band edge is smaller than that indicated by the specified data in Table 5.2.3.2.3-1. The larger bandwidths display 

· a beneficial averaging effect across variable insertion loss 

· but are more sensitive to transmitter noise due to the smaller TX-RX separation as compared to the smaller bandwidths.

The reference sensitivity results for the upper-sub band will depend on whether Band 5 or Band 8 performance is taken as a baseline as shown in Table 7.3.2.2-1. In terms of the specified insertion loss in Table 5.2.3.2.3-1, the baseband simulation results [add reference] suggest the following specification of the reference sensitivity for the E850 band with its anticipated duplex filter response:
· assume Band 5 performance as baseline for the 10 and 15 MHz channels (averaging effect but large impact of transmitter noise)

· assume the Band 5 requirement + 0.5 dB for the 5 MHz (also applies for UTRA)

· Band 8 performance for 1.4 and 3 MHz (no averaging effect but less impact of transmitter noise)

This suggests the following for E-UTRA, see Table 7.3.2.2.2-2 and use the Band 5 and 8 performance results in Table 7.3.2.2.2-1:
Table 7.3.2.2.2-2: Reference sensitivity QPSK PREFSENS with different baseline performance

	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

	5
	-103.2
	-100.2
	-98
	-95
	
	
	FDD

	8
	-102.2
	-99.2
	-97
	-94
	
	
	FDD

	
	Combined Band 5 and Band 8 performance (Notes 1 and 2)

	814-849/859-894 MHz
	-102.2
	-99.2
	-97.5
	-94.5
	-91.5 
	
	FDD

	Note 1:      Fmax = 12 dB. 
Note 2:      Fmax = 11 dB.



It may be possible to set the 10 MHz and 15 MHz performance to [-95] dBm and [-92] dBm, respectively. This depends on the isolation achieved at RX for the E850 upper sub-band duplexer. 
The anticipated requirement reference sensitivity is shown in Table [7.3.2.2.2-3] with tentative requirements for the larger bandwidths. 
Table [7.3.2.2.2-3]: 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

	5
	-103.2
	-100.2
	-98
	-95
	
	
	FDD

	8
	-102.2
	-99.2
	-97
	-94
	
	
	FDD

	18/19
	
	
	-100
	-97
	-95.2
	
	FDD

	814-849/859-894 MHz
	-102.2
	-99.2
	[-97.5]
	[-95]
	[-92]
	
	FDD


Table [7.3.2.2.2-4] specifies the minimum number of allocated uplink resource blocks for which the reference receive sensitivity requirement must be met. 
[For the 10 and 15 MHz bandwidths the impact of the transmitter noise is pending further verification.] 

Table [7.3.2.2.2-4]: Minimum uplink configuration for reference sensitivity
	E-UTRA Band / Channel bandwidth / NRB / Duplex mode

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

	5
	6 
	15 
	25 
	251
	
	
	FDD

	8
	6 
	15
	25 
	251 
	 
	 
	FDD

	18/19
	
	
	25
	251
	251
	
	FDD

	814-849/859-894 MHz
	6 
	15 
	25 
	251
	[25]
	
	FDD

	Note 1:       The number of UL  resource blocks allocated is less than the total resources blocks supported by the channel bandwidth. The UL resource blocks shall be located as close as possible to the downlink operating band but confined within the transmission bandwidth configuration for the channel bandwidth (Table 5.6-1). 



<end of text proposal for Clause 7.3>

<start of text proposal for Annex section>
9. Summary of changes to E-UTRA specifications
<text will be added>

 Annex A     Calculation of the reference sensitivity
Editor’s note: references will be updated and more data added

For calculating the reference sensitivity, the starting point assumed is always a MRC receiver. For comparison we first consider the case in which the transmitter noise is not dominating, that is
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The sensitivity is the signal level s for which the SNR after combining is 1.0 dB (including a 2.0 dB implementation margin, see [add reference]). Included is also an additional margin for ‘excessive’ transmitter noise  = 0.5 dB applicable for most operating band and bandwidth combinations. (A.1) yields
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with SNRj = SNR – 3 = -2.0 dB the required SNR per antenna port. The parameter , first introduced in [add reference], is admittedly somewhat awkward for the noise factor should include all transmitter noise. For the cases considered next the transmitter noise is significant and correlation is assumed whence other methods must be used. 

We continue by discussing the assumed transmitter configuration that has an impact on the transmitter noise. If the architecture is properly accounted for, the current sensitivity requirements can be reused for configurations with two antenna ports in Rel-10. 

A.1    The transmitter configuration and transmitter noise

The notation and the data are according to [add reference] and [add reference] if not otherwise stated. All noise contributions are referred to the antenna input.

The reference sensitivity requirements should be applicable to any transceiver architecture with two antenna ports. We consider two architectures: two TX/RX branches and a configuration with an RX-only diversity port. For many bands and bandwidth configurations, the difference in performance between these is not large for the PA output power must be twice as high for the latter to produce the requisite output power at the antenna.

A.1.1   Two TX/RX branches 

First we consider a transceiver architecture where the same uplink signal applied at both TX/RX ports, which would correspond to a precoder
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We thus assume full correlation between the transmitter signals, the SNR is

(A.2)
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which yields
[image: image15.wmf])

V

2

(V

log

10

3

10

t

n

SNR

P

REFSENS

+

+

-

@

. If generally applied, this case could also represent a scenario with two uplink signals used for uplink MIMO; when the transmitter noise is not dominating, (A.1) follows.

The assumption of full correlation is a worst case and it is perhaps more relevant to assume uplink signals of ‘transmit diversity type’. These signals would be (almost) uncorrelated, whence the SNR is

(A.3)
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to the first order, neglecting mutual coupling between branches. We get 
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A.1.2   One main TX/RX branch and one RX-only diversity port

The standard expression for MRC 

(A.4)
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can be used if the following is fulfilled

(A.5)
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However, we do not really need to be as restrictive as (A.5) for (A.4) to be sufficiently accurate. 
If 
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 with c the complex amplitude of the coupling between the branches, then the transmitter noise is dominating at both branches and from [add reference] 

(A.6)
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These results can also be applied to UE antenna selection.

A.2
What to use?

The sensitivity requirement should apply to any architecture. Comparing (A.3) for transmit diversity with (A.4), the latter will at least yield a better sensitivity if the condition for its applicability (A.5) is met. The criterion is strict, and (A.4) will be sufficiently accurate as long as the transmitter noise does not exceed the remaining noise contributions. This also accounts for the fact that the PA output power can be set 3 dB lower for the transmit diversity case. 

When the transmitter noise is dominating both and the main and the diversity port, (A.6) is applicable but this expression is quite conservative in practice. 

For the bands considered here we use (A.3) assuming that reference sensitivity will no be tested with identical uplink signals in the case of transmit diversity. 
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