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1. Introduction

In this contribution, we propose the reference sensitivity requirements for the FDD APAC700 band.  We follow an analysis method based on computation of the noise floor and received signal power level taking into consideration the contribution due to measured PA noise from the uplink.
2. Discussion

2.1. Uplink configuration
The Rx-Tx duplex separation for APAC700 FDD is only 55 MHz which will require a limitation on the uplink RB allocation for the reference sensitivity requirement in order to not distort the measurement with excessive Tx noise.  In fact, the uplink restriction of 25 RB’s for the 10 MHz channel bandwidth has already been agreed with square brackets in [1].  For the wider channel bandwidths of 15 and 20 MHz, we also propose to limit the uplink allocation to 25 RB’s to minimize the impact of Tx noise.
	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

	1
	
	
	25 
	50 
	75 
	100 
	FDD

	12
	6
	15
	201
	201
	
	
	FDD

	13
	
	
	201
	201
	
	
	FDD

	14
	
	
	151
	151
	
	
	FDD

	17
	
	
	201
	201
	
	
	FDD

	APAC700
	
	[15]
	[25]
	[251]
	[251]
	[251]
	FDD


2.2. Reference sensitivity value
To derive the reference sensitivity value, we compute the various noise contributions including thermal and transmitter noise compared to the received power level of the desired signal at reference sensitivity.  We assume that the duplexer provides at least 45 dB Rx isolation as agreed in [2].  However, we note that one of the filter vendors was not able to meet this target and was only able to achieve 38 dB isolation, though they anticipated room for improvement.  The Rx insertion loss of the filter has been reported by one filter vendor to be 2.8dB for the lower duplexer and 3.2dB for the upper duplexer by simulations.  A second filter vendor reported 3.7dB for the lower duplexer and 3.3 dB for the upper duplexer.  Filter simulation results reported in [3] indicate insertion loss estimates between 3.0dB and 3.5dB.  Furthermore, as reported in [3], the additional insertion loss after also factoring in the loss of the dual filter selection switch and the lower trace and connector loss at 700 MHz compared to Band 1 indicates that there is up to 1.25 dB APAC700 front-end loss compared to Band 1.  In fact, the relative loss may be larger than that considering the feedback from the second filter vendor, which shows an insertion loss that is 0.2dB larger and an Rx isolation that is only 38dB.  However, the switch loss of 0.75dB reported in [3] may be overly pessimistic.  
We therefore take the following assumptions to derive reference sensitivity


Overall NF = 10.25 dB


Rx isolation = [45] dB


Antenna isolation = 10 dB


Combiner algorithm = MRC


Demodulator implementation margin = 2 dB

Furthermore, PA emission measurements were taken to assess the impact of Tx noise.  The following results were obtained from measuring a single 700 MHz PA with the appropriate Tx-Rx offset according to the 55 MHz duplex separation and the channel bandwidth.  The noise was measured over the entire Rx bandwidth and normalized to one Hz.

Table 1.  Measured PA noise

	Channel BW (MHz)
	UL RB allocation
	Rx band noise (dBm/Hz)

	3
	4
	-136.8

	3
	15
	-137.4

	5
	8
	-139.1

	5
	25
	-137.6

	10
	12
	-137.8

	10
	25
	-137.0

	15
	16
	-137.3

	15
	25
	-134.8

	20
	18
	-136.5

	20
	25
	-133.1


Since only a single device was measured, an additional 2dB margin was applied in computing the noise contribution to reference sensitivity.  Furthermore, given the anticipated Tx insertion loss for the APAC700 FDD band, the measurements provided here may not correctly reflect actual performance.  On the receive side, it was assumed that the uplink exists only in the primary Tx path so the secondary receiver is relatively clean and protected by antenna isolation, which would not hold true for a UL MIMO design.  Lastly, IIP2 has not been modeled, so the conclusions presented here may be optimistic.  All values are proposed to be left in square brackets for further verification and proposed values from [1] and [3] are also included for reference.
	E-UTRA Band
	1.4 MHz

(dBm)
	3 MHz

(dBm)
	5 MHz

(dBm)
	10 MHz

(dBm)
	15 MHz

(dBm)
	20 MHz

(dBm)
	Duplex Mode

	1
	
	
	-100
	 -97
	-95.2 
	-94 
	FDD

	12
	-101.7
	-98.7
	-97
	-94
	
	
	FDD

	13
	
	
	-97 
	-94
	
	
	FDD

	14
	
	-99.2
	-97
	-94
	
	
	FDD

	17
	
	
	-97
	-94
	
	
	FDD

	APAC700
	
	[-100.2]
	[-98.5]
	[-95.5]
	[-93.7]
	[-92]
	FDD

	
	
	
	
	
	
	
	

	Reference [3]
	
	-100.2
	-98.5
	-96
	-94.2
	[-93]
	

	Reference [1]
	
	TBD
	TBD
	[-96]
	[-93.5]
	[-88.5]
	


Note that the value proposed here for the 10 MHz channel bandwidth reference sensitivity is 0.5dB degraded compared to the square bracketed agreed value from [3], due to the higher than expected Tx noise contribution.  The achievable isolation of 45 dB also needs to be confirmed from the second filter vendor, who only reported 38 dB, before the reference sensitivity values can be confirmed.
3. Conclusion

We have provided a tentative proposal for reference sensitivity in this contribution.  The numbers are left in square bracket to allow verification and confirmation of the filter performance parameters from multiple vendors.  A text proposal for the TR is also included.
Reference

[1] R4-121066, “TP for TR 36.820: UE reference sensitivity for APAC700 and blocking requirements for adjacent bands (FDD),” Ericsson, ST-Ericsson
[2] R4-121071, “Way forward on APAC700 REFSENS,” NTT DOCOMO
[3] R4-120480, “REFSENS for APAC700(FDD),” NTT DOCOMO
Text Proposal for TR 36.820

<< Unchanged sections omitted >>
8.2

UE REFSENS

8.3
 UE receiver requirements
8.3.1
FDD

For the UE receiver minimum requirements we assume a split-duplexer arrangement with 30 MHz and characteristics according to Tables 8.1.1-1 and 8.1.1-2, but we assume that the minimum requirements apply for the entire frequency range 703-748/758-803 MHz just as for the transmitter requirements. We also assume that the constituent filters DPX1 and DPX2 of the split-duplexer arrangement cannot be selected by the network: this selection is UE implementation specific.

8.3.1.1
REFSENS

For estimating reference sensitivity we do not apply scaling of WCDMA requirements by the bandwidth like for many other operating bands. One alternative is to assume that the thermal noise contribution excluding transmitter noise is
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where LANT-RX and NFRFIC is the attenuation from the antenna to the LNA and the noise factor of the RFIC, respectively. For simplicity we assume that the noise contribution is the same on both RX branches since different architectures, diversity or UL MIMO, must be covered by the minimum requirement. We then add the impact of the transmitter noise for these configurations and pick the worst case as dimensioning. 

For the transmitter noise, we assume the standard test configuration with the UL PRB allocation located at the upper edge of the TX band, the worst case. The purpose of the test is to verify the noise factor, and recognising that the transmitter noise may be smaller if a PRB allocation of the same size is allocated away from the upper edge.

The requirement should apply for a standard diversity receiver with one main TX/RX branch and one diversity RX, whence the SNR is
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assuming standard MRC expression can be used, and 
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when the transmitter noise is dominating (correlated noise). Here Vt denotes the transmitter noise and c the attenuation between the TX/RX branches in a conductive test. We then have
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 at the minimum SNR. 

The requirements should also apply for 2 TX for a UE supporting UL MIMO, hence
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assuming that the UE is configured for dual-codeword transmission (uncorrelated transmitter noise), with Vt1 and Vt2 the transmitter noise of the two transmitters. The total output power at the antenna port is up to 23 dBm (nominal). 
The transmitter noise is estimated as
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where aTX-RX and ACLRRX is s the duplexer isolation@RX and the noise falling into the receive bandwidth, respectively. Following the data in Tables 8.1.1-1 and 8.1.1-2 we assume aTX-RX  = 45 dB. The ACLRRX  is shown in Table 8.3.1.1-1 for various UL allocations.
Table 8.3.1.1-1 ACLRRX (dBc) for various UL allocations
	E-UTRA Band
	10 MHz
	15 MHz
	20 MHz

	APAC700
	[99.2] (15 RB)

[94.4] (20 RB)

[88.7] (25 RB)
	[81.8] (15 RB)1
[84.5] (20 RB)

[81.9] (25 RB)


	[71.9] (15 RB)1
[75.0] (20 RB)

[73.9] (25 RB)



	NOTE 1:     MPR = 0 dB


The 20 MHz bandwidth is challenging; the TX-RX separation is only 35 MHz (duplex separation 55 MHz), close to the OOB boundary of the uplink carrier which is 25 MHz for the 20 MHz bandwidth. This can be compared to 21 MHz for Band 20, which has an exceptional arrangement for its 25 PRB uplink allocation. 

Using LANT-RX = 5 dB, NFRFIC = 4 dB, |c|2 = 10, and a 25 PRB UL allocation with a minimum SNR = 1 dB including implementation margin, we obtain PREFSENS = -96.9 dBm for the 10 MHz bandwidth for the diversity-only and the 2 UL MIMO architectures. 

< text to be added with results for other bandwidths >

The resulting reference sensitivity is shown in Table 8.3.1.1-2 and Table 8.3.1.1-3 that includes selected other bands for comparison (Band 3 with duplex spacing of 95 MHz with 50 PRB allocation and Band 4 with a very large spacing and full uplink allocation).
Table 8.3.1.1-2: 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

	3
	-101.7
	-98.7
	-97 
	-94
	-92.2
	-91
	FDD

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

	12
	-101.7
	-98.7
	-97
	-94
	
	
	FDD

	13
	
	
	-97
	-94
	
	
	FDD

	17
	-102.2
	-99.2
	-97
	-94
	
	
	FDD

	18
	
	
	-100
	 -97
	-95.2 
	
	FDD

	19
	
	
	-100
	 -97
	-95.2 
	
	FDD

	20
	
	
	-97
	-94
	-91.2
	-90
	FDD

	APAC700
	
	TBD
	TBD
	[-96]
	TBD
	TBD
	FDD


Table 8.3.1.1-3: 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

	3
	6 
	15 
	25 
	50 
	501
	501
	FDD

	4
	6 
	15
	25 
	50 
	75 
	100 
	FDD

	12
	6
	15
	201
	201
	
	
	FDD

	13
	
	
	201
	201
	
	
	FDD

	17
	
	
	201
	201
	
	
	FDD

	18
	
	
	25 
	251
	251
	
	FDD

	19
	
	
	25 
	251
	251
	
	FDD

	20
	
	
	25 
	201
	203 
	203
	FDD

	APAC700
	
	15
	25
	[251]
	TBD
	TBD
	FDD

	Note 
1.
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). 

2.
For the UE which supports both Band 11 and Band 21 the uplink configuration for reference sensitivity is FFS.

3.
For Band 20; in the case of 15MHz channel bandwidth, the UL resource blocks shall be located at RBstart _11 and in the case of 20MHz channel bandwidth, the UL resource blocks shall be located at RBstart _16


For the smaller bandwidth, the isolation at TX is important. Tables 8.1.1-1 and 8.1.1-2 indicate that the attenuation at TX is less than the 52 dB commonly assumed and leakage through switches may have to be considered for the overlapping DPX1 and DPX2 ranges, which should be considered for IIP2 performance.
As an alternate means of analysis, we also consider the following.
The Rx-Tx duplex separation for APAC700 FDD is only 55 MHz which will require a limitation on the uplink RB allocation for the reference sensitivity requirement in order to not distort the measurement with excessive Tx noise.  It has been previously described above to limit the uplink configuration to 25 RB’s for the 10 MHz channel bandwidth.  For the wider channel bandwidths of 15 and 20 MHz, we also propose to limit the uplink allocation to 25 RB’s to minimize the impact of Tx noise.

	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

	APAC700
	
	[15]
	[25]
	[251]
	[251]
	[251]
	FDD


To derive the reference sensitivity value, we compute the various noise contributions including thermal and transmitter noise compared to the received power level of the desired signal at reference sensitivity.  We assume that the duplexer provides at least 45 dB Rx isolation as previously agreed.  However, we note that one of the filter vendors was not able to meet this target and was only able to achieve 38 dB isolation, though they anticipated room for improvement.  The Rx insertion loss of the filter has been reported by one filter vendor to be 2.8dB for the lower duplexer and 3.2dB for the upper duplexer by simulations.  A second filter vendor reported 3.7dB for the lower duplexer and 3.3 dB for the upper duplexer.  Other filter simulation results reported indicate insertion loss estimates between 3.0dB and 3.5dB.  Furthermore, as previously reported, the additional insertion loss after also factoring in the loss of the dual filter selection switch and the lower trace and connector loss at 700 MHz compared to Band 1 indicates that there is up to 1.25 dB APAC700 front-end loss compared to Band 1.  In fact, the relative loss may be larger than that considering the feedback from the second filter vendor, which shows an insertion loss that is 0.2dB larger and an Rx isolation that is only 38dB.  However, the switch loss of 0.75dB previously reported may be overly pessimistic.
We therefore take the following assumptions to derive reference sensitivity


Overall NF = 10.25 dB


Rx isolation = [45] dB


Antenna isolation = 10 dB


Combiner algorithm = MRC


Demodulator implementation margin = 2 dB

Furthermore, PA emission measurements were taken to assess the impact of Tx noise.  The following results were obtained from measuring a single 700 MHz PA with the appropriate Tx-Rx offset according to the 55 MHz duplex separation and the channel bandwidth.  The noise was measured over the entire Rx bandwidth and normalized to one Hz.

Table 1.  Measured PA noise

	Channel BW (MHz)
	UL RB allocation
	Rx band noise (dBm/Hz)

	3
	4
	-136.8

	3
	15
	-137.4

	5
	8
	-139.1

	5
	25
	-137.6

	10
	12
	-137.8

	10
	25
	-137.0

	15
	16
	-137.3

	15
	25
	-134.8

	20
	18
	-136.5

	20
	25
	-133.1


Since only a single device was measured, an additional 2dB margin was applied in computing the noise contribution to reference sensitivity.  Furthermore, given the anticipated Tx insertion loss for the APAC700 FDD band, the measurements provided here may not correctly reflect actual performance.  On the receive side, it was assumed that the uplink exists only in the primary Tx path so the secondary receiver is relatively clean and protected by antenna isolation, which would not hold true for a UL MIMO design.  Lastly, IIP2 has not been modeled, so the conclusions presented here may be optimistic.  

	E-UTRA Band
	1.4 MHz

(dBm)
	3 MHz

(dBm)
	5 MHz

(dBm)
	10 MHz

(dBm)
	15 MHz

(dBm)
	20 MHz

(dBm)
	Duplex Mode

	APAC700
	
	[-100.2]
	[-98.5]
	[-95.5]
	[-93.7]
	[-92]
	FDD
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