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1
Introduction
So far, during the DC-HSUPA WI discussions in RAN4, not much discussion has been spent on the Receiver Sensitivity Analysis for DC-HSUPA. Due to the DC-HSUPA waveform transmitted in 10 MHz, the spectral re-growth results in an increase in Transmit noise in the receiver. In this document, we identify the bands that are subject to the impact of an increase in Transmit noise as well as perform a spectral analysis at the output of the power amplifier (PA) based on laboratory measurements to evaluate the receiver sensitivity impact.
2
FDD Bands subject to Tx Noise Impact
Any FDD band with duplex spacing relative to assigned channel frequency less than 8*occupied bandwidth can experience a degradation in reference sensitivity due to spectral re-growth. In the case of DC-HSUPA, the occupied bandwidth equals 8.84 MHz, resulting in a required Tx/Rx separation of 70.72 MHz. Hence any band for which this separation is not satisfied is subject to the impact of Tx noise in the receive band, which in turn affects receiver sensitivity.
Table 1 lists the UTRA FDD frequency bands as specified in [2], while Table 2 summarizes the duplex gap (gap between UL and DL passbands) and the duplex spacing (spacing between allocated Tx and Rx carriers).
Table 1: UTRA FDD frequency bands

	Operating Band
	UL Frequencies

UE transmit, Node B receive
	DL frequencies

UE receive, Node B transmit

	I
	1920 - 1980 MHz
	2110 -2170 MHz

	II
	1850 -1910 MHz
	1930 -1990 MHz

	III
	1710-1785 MHz
	1805-1880 MHz

	IV
	1710-1755 MHz
	2110-2155 MHz

	V
	824 - 849 MHz
	869-894 MHz

	VI
	830-840 MHz
	875-885 MHz

	VII
	2500-2570 MHz
	2620-2690 MHz

	VIII
	880 - 915 MHz
	925 - 960 MHz

	IX
	1749.9-1784.9 MHz
	1844.9-1879.9 MHz

	X
	1710-1770 MHz
	2110-2170 MHz

	XI
	1427.9 - 1452.9 MHz
	1475.9 - 1500.9 MHz

	XII
	698 – 716 MHz
	728 – 746 MHz

	XIII
	777 - 787 MHz
	746 - 756 MHz

	XIV
	788 – 798 MHz
	758 – 768 MHz

	XV
	Reserved
	Reserved

	XVI
	Reserved
	Reserved

	XVII
	Reserved
	Reserved

	XVIII
	Reserved
	Reserved

	XIX
	830 – 845MHz
	875 – 890 MHz


Table 2: Duplex Gap and Duplex Spacing

	Operating Band
	Duplex gap [MHz]
	Duplex spacing [MHz]

	I
	130
	190

	II
	20
	80

	III
	20
	95

	IV
	355
	400

	V
	20
	45

	VI
	35
	45

	VII
	50
	120

	VIII
	10
	45

	IX
	60
	95

	X
	40
	400

	XI
	23
	48

	XII
	12
	30

	XIII
	21
	31

	XIV
	20
	30

	XIX
	30
	45


Based on the 8*occupied bandwidth rule, the receiver sensitivity impact needs to be studied in the following bands (as highlighted in yellow in Table 2):

· Bands 12, 14 have a duplex spacing of 30MHz 
· Band 13 has a duplex spacing of 31 MHz
· Bands 5, 6, 8 and 19 have a duplex spacing of 45 MHz
· Band 11 has a duplex spacing of 48 MHz
3
Maximum Transmit Noise Power
In Figure 1, a high level block diagram of the RF sub-system of a UE transmitter is illustrated. As seen in the figure, a SAW filter precedes the power amplifier. Hence in this analysis, we only consider the spectral energy in the receiver band due to the PA. The spectral re-growth is a function of the PA non-linearity. 
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Figure 1: High Level Block Diagram of UE transmitter (RF subsystem)
Since the laboratory measurements used in the spectral analysis in the next section is evaluated for Band 5, we arrive at an upper bound on the transmit noise power at the output of the power amplifier (PA) as follows:

In [2], an Rx Sensitivity of -100.7 dBm is specified for Band 5. By the time the signal arrives at the LNA input, the signal level is

Rx Sensitivity – (Switchplexer Loss + Trace Loss + ANT/RX Duplexer Loss) = -100.7 –7 = -107.7 dBm

Furthermore, the required 
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for the reference channel is -5.5dB [2].

Hence the maximum allowed noise power at the LNA input equals -102.2 dBm/3.84 MHz = -168.043 dBm/Hz
It is desired that the transmit noise power spectral density (PSD) is of the order of 10 dB lower than the receiver noise floor. Hence this translates to a maximum transmit noise PSD of -178.45 dBm/Hz at the LNA input. If we further assume a maximum Tx/Rx duplexer loss of 45dB, then the maximum transmit noise PSD at the PA output is -133.45 dBm/Hz.
3
Spectral Analysis of PA output

In [3] and [4], the Tx noise impact to Rel-8 DC-HSDPA receivers due to reduction of Tx/Rx carrier spacing by 5 MHz was analyzed under the assumption of ACLR slope of PA = 13 dB/5 MHz. This assumption was considered good enough since DC-HSDPA study was limited to single carrier operation on the uplink and the carrier separation of affected bands was equal to 30 MHz. 

However, in the case of DC-HSUPA, as seen in the previous section, the carrier frequency separation of the affected bands ranges from 30 MHz to 80 MHz. Given that PA vendors do not typically quote a slope beyond ACLR2, the above assumption of PA ACLR slope maybe optimistic. Instead, it is more accurate to perform PA spectral analysis via laboratory measurements.
In the following, we present the laboratory measurements of the PA spectrum output for a PA operating in Band 5 (Duplex spacing = 45 MHz) for different transmit PA output power settings. For the purpose of this analysis, two DC-HSUPA waveforms as listed in Table 3 were input to the PA. Note that to achieve ACLR = 33 dBc, the maximum PA output power = 26 dBm.
Table 1: DC-HSUPA Waveforms for Rx Sensitivity Analysis

	
	Carrier 1
	Carrier 2
	Pilot Imbalance [dB]

	
	TBS

	Beta_ed1
	Beta_ed2
	Beta_ec
	Beta_hs
	TBS
	Beta_ed1
	Beta_ed2
	Beta_ec
	

	Waveform1
	6206
	84/15
	60/15
	24/15
	19/15
	382
	42/15
	0
	24/15
	8

	Waveform2
	7173
	84/15
	60/15
	24/15
	24/15
	510
	47/15
	0
	24/15
	1


Figures 2 and 3 illustrate the power spectral density (PSD) of the PA output, for 2 different DC-HSUPA waveforms when the transmitter carrier frequency is centered at 844 MHz. The corresponding receive frequency range for DC-HSDPA reception is 884 to 894 MHz.
As seen in Figure 2, for DC-HSUPA waveform #1, the PA output settings that satisfy the maximum allowed Tx Noise PSD of -133.45 dBm/Hz at the PA output correspond to PA output power of 23 dBm or lower. This corresponds to an A-MPR of 3 dB with reference to the PA power at which ACLR1 = 33dBc is achieved for this waveform.
Similarly in Figure 3, for DC-HSUPA waveform #2, the PA output settings that satisfy the maximum allowed Tx Noise PSD of -133.45 dBm/Hz at the PA output correspond to PA output power of 20 dBm or lower. This corresponds to an A-MPR of 6 dB with reference to the PA power at which ACLR1 = 33dBc is achieved for this waveform.

.
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Figure 2: DC-HSUPA PA Spectrum output in Band 5, DL 869-894 MHz, UL carrier frequency = 844 MHz
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Figure 3: DC-HSUPA PA Spectrum output in Band 5, DL 869-894 MHz, UL carrier frequency = 844 MHz
Based on the limited analysis so far, for the bands for which Tx/Rx frequencies are close relative to the occupied bandwidth of the DC-HSUPA waveform, we see the need to introduce either

· A relaxation in existing receiver sensitivity requirements for DC-HSDPA receivers

· Additional MPR to achieve existing receiver sensitivity requirements for DC-HSDPA receivers

We have a preference for the second option, since it maybe okay to sacrifice E-DCH UL coverage to maintain DL HSDPA coverage as currently specified. Further discussion is required regarding the above. Furthermore, more spectral analysis is needed in the various different bands (Bands 2,5,6,8,11,12,13,14,19) to conclude on the overall impact of Tx noise in these bands, due to DC-HSUPA.
4
Conclusions
In this contribution, we have identified UTRA FDD bands that are susceptible to transmit noise due to a close spacing between Tx and Rx frequencies, relative to the occupied bandwidth of the DC-HSUPA waveform. Furthermore, spectral analysis of DC-HSUPA waveforms in Band 5, as observed in the laboratory, revealed the increased levels of Tx noise in the receive band. Based on this analysis, for these bands, we see the need to either relax the existing Rx REFSENS requirements or to introduce additional MPR to ensure that existing Rx REFSENS requirements are met. Our preference is for the latter option. Further discussion is required between companies to agree on a preferred approach. Furthermore, depending on which approach is agreed upon, further analysis is needed in the remaining bands to understand the additional MPR needed or the amount of relaxation needed in receive sensitivity.
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