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1    Background
In this update to [1] we continue discussing the challenges associated with specifying “Band 8 performance” for a 20 MHz channel bandwidth, and conclude with a proposal for the reference sensitivity. We also look at the possible improvement of the 20 MHz sensitivity that can be obtained by tighter minimum requirements on the LO and image rejections: it is proposed not to tighten these for the sake of improving the sensitivity. 
The problem for the 20 MHz bandwidth is perhaps best described by looking at the other bands supporting 20 MHz for which a relaxation of the reference sensitivity is allowed (Table 5.6.1-1 in TS 36.101): the ratio of the TX/RX separation and the channel bandwidth is larger than 4 for all cases except Band 11, where the duplex spacing is 48 MHz and the uplink allocation is 25 PRB for its REFSENS requirement. The issue is the small uplink-downlink channel separation and the near out-of-band emission into the receive band. For Band 20 the spacing is 41 MHz which means that out-of-band emissions will actually fall into the receive band. 
The 20 MHz bandwidth is challenging but it should be noted that the 10 MHz bandwidth can be supported with Band 8 performance. Some slight degradation for 15 MHz may result, and 20 MHz may require up to a 10 dB degradation in view of reasonable linearity requirements and filter performance. This does not make the 20 MHz option useless in practice and HARQ retransmissions will help improve the situation: the redundancy is increased and downlink retransmissions erroneously decoded due to desense might face a different uplink allocation during retransmission (control channels could be more critical). Remark that the REFSENS requirement is specified with only one HARQ transmission for simplicity of testing. 
2    Discussion

Before starting we note that the PA model is the same as that used in [1] 
2.1   Reference sensitivity

We begin by considering the counter IM3 that must also be considered whenever the reference sensitivity is discussed, see [2] and [3] for more background. To get an idea about the required suppression before the PA we consider the Public Safety (PS) emission limit for Band 13. The problem then is a small allocation in the upper part of the channel that produces a counter IM3 product falling into the PS just below the transmit band. This mixer product is amplified by the PA just like the desired RB so that the relation of these is 1:1, i.e. by means of the linear component of the PA transfer function. Thus if the output power is 23 dBm/180kHz = 8.4 dBm/6.25 kHz the counter-IM3 suppression must be, using the requisite emission limit for Public Safety,

8.4 dBm/6.25 kHz – 3 dB – (-57 dBm/6.25kHz) = 62.4 dBc,

assuming that the maximum allowed A-MPR = 3 dB is applied. This must be implemented for Band 13, but will also give an idea about a requisite suppression for Band 20. 

For verifying reference sensitivity for Band 20 the allocated RB are in the lower part of the transmit band instead with the counter-IM3 product falling above the transmit band. Suppose a 20 MHz bandwidth is configured in 832-852 MHz and one PRB is allocated at 833 MHz. The carrier frequency is 842 MHz, so the image and counter IM3 fall at 851 and 869 MHz, respectively. The problem now is the 3rd order inter-modulation of the allocated RB and the mixer-generated counter IM3 in the PA, which generates an IM3 product at 833 - (869-833) = 797 MHz within the RX band 791-811 MHz.

Next we look at the resulting transmitter unwanted emission (noise) falling into the receive band: we take the ACLRRX as the ratio of the mean power of the assigned uplink channel and the filtered mean power falling into the downlink channel. We assume a counter-IM3 rejection of -60 dBc and an LO leakage suppression of -25 dBc, the minimum requirement. The resulting ACLRRX for various uplink allocations are shown in Table 1 for QPSK with the allowed MPR per allocation and bandwidth always applied according Clause 6.2.3 in TS 36.101 and a resulting transmitter power at the antenna port of either 22 or 23dBm (assuming 3 dB insertion loss at TX). The PA is calibrated to give UTRA ACLR1 of 33 dB for a CM=1 WCDMA signal at full power. The results below are given with one decimal but have a certain smaller inaccuracy due to limited data so should not be compared down to fractions of dBs.
Table 1: ACLR for counter-IM3 at -60 dBc and LO leakage at -25 dBc
	Image rejection 
	Uplink allocation

	
	 1
	6
	15
	25
	50
	100

	
	20 MHz

	-25
	57.3
	58.0
	59.8
	62.4
	60.2
	48.6

	-28
	60.2
	60.6
	62.2
	64.8
	61.1
	48.8

	-30
	61.0
	61.9
	63.4
	66.0
	61.4
	48.8

	
	1
	6
	15
	25
	50
	75

	
	15 MHz

	-25
	69.9
	70.6
	70.8
	71.2
	64.8
	58.0

	-28
	72.8
	74.0
	73.3
	73.5
	65.2
	58.2

	-30
	74.1
	75.7
	74.2
	73.9
	65.3
	58.1

	
	10 MHz

	-25
	85.9
	86.0
	86.3
	79.0
	68.9
	

	-28
	90.5
	90.9
	89.5
	78.8
	69.2
	

	-30
	90.0
	92.6
	90.0
	79.6
	69.1
	

	
	5 MHz

	-25
	103.2
	101.7
	99.4
	84.7
	
	

	-28
	103.4
	101.8
	99.4
	86.2
	
	

	-30
	103.5
	101.6
	99.6
	85.4
	
	


In view of reducing the transmitter noise, the results in Table 1 show that an improvement of the image rejection is worthwhile for allocation up to half of the maximum transmission configuration per channel. These smaller allocations at high spectral densities give rise to peaks in the output spectrum due to LO leakage, image and counter IM3. For larger allocations, the requirements on the suppressions are of lesser importance: the ACLRRX is then governed by spectral re-growth.

The minimum uplink allocation for the reference sensitivity is that for which the requirement must be met

1. for smaller allocations the REFSENS requirement must also be met

2. for larger allocations the sensitivity can be degraded, up to that given by the MSD

This means that the ACLRRX should decrease monotonically with the allocation size. However, for larger channel bandwidths with small uplink-downlink channel separation, e.g. 21 MHz for 20 MHz bandwidth, spectral peaks generated by 1 PRB at high spectral density can give a smaller than ACLRRX than that generated by a larger allocation depending on the actual powers of the LO leakage, image and counter IM3. There is also a jump at the allocation for which MPR is allowed; above 20 PRB for 20 MHz. In the latter case, the uplink allocation should be < 20 PRB or a requisite margin be added to the REFSENS requirement if 20 or 25 PRB are allocated. 
Following item 1 above, the minimum uplink allocation for 20 MHz is 1 PRB, for a choice of any other minimum allocation > 1 PRB would not guarantee that the sensitivity requirement is met for a smaller allocation. We can still pick a larger allocation in this case, but the reference sensitivity should then be based on the minimum value ACLRRX the smaller allocations and their requisite MPR. Hence, choosing 25 PRB for 20 MHz, the ACLRRX the smaller allocations the reference sensitivity should be based on that applicable for 1 PRB and its MPR = 0 dB. For 15 MHz bandwidth the same, but for 10 MHz the ACLRRX we pick the actual number for 25 PRB since any smaller allocation has a larger ACLR. 
If we assume a UE front-end with two PA(s) for uplink transmit diversity, the allocations yield the reference sensitivities in Table 2 according to the method described in Appendix A with the PA output power set 23 dBm (before the duplexers so the two PA(s) add up to 23 dBm after the duplexer and switches), the TX-RX isolation set to 45 dB and the insertion loss that of Band 8 (2.5 dB typical). For 20 MHz the transmitter noise is dominating, which means that there is no MRC gain assuming that the two PA(s) generate correlated transmitter noise. In the latter case there is also a dB for dB improvement of the sensitivity with the ACLRRX.
Table 2: REFSENS with two TX/RX branches (LO leakage -25 dBc)
	Image

[dBc]
	REFSENS [dBm]

	
	10 MHz/25 PRB
	15 MHz/25 PRB
	20 MHz/25 PRB

	-25
	-94
	-89
	-75.5

	-28
	-94
	-90.5
	-78.5


Looking at a front-end with one diversity port (RX only), the values above improved marginally (around 1 dB): there is a 10 dB coupling loss between the branches but the (single) PA output power is doubled to meet the maximum power requirement. 
We observe that is it possible to obtain Band 8 performance for 10 MHz, while there is a slight degradation for 15 MHz compared to scaled Band 8 performance. The degradation for 20 MHz is due to the fact that the RX band is in the out-of-band region of the own transmit signal: MSD is around 25 dB for full allocation. However, uplink allocations away from the lower edge may give better sensitivity. 

2.2    Improving reference sensitivity by tighter TX requirements

For smaller allocations, the results in Table 1 suggest that the sensitivity can be improved by increasing the image rejection. However, for the 20 MHz channel this requires a sufficient suppression of the counter IM3 component. Table 3 shows the ACLRRX with an ideal mixer without a counter IM3, Table 4 the corresponding results for a -50 dBc rejection (which would not meet the Band 13 requirement).  Thus, for 20 MHz, any improvement of the image is subject to a sufficient suppression of counter IM3.
Table 3: ACLR without counter-IM3 for the 20 MHz channel
	Image rejection [dBc]
	Uplink allocation

	
	1
	6
	15
	25
	50
	100

	-25
	58.5
	58.5
	60.6
	63.6
	60.2
	48.6

	-28
	61.6
	61.6
	63.8
	66.3
	60.8
	48.6

	-30
	63.4
	63.7
	65.5
	67.7
	61.2
	48.5


Table 4: ACLR with counter-IM3 at -50 dBc for the 20 MHz channel

	Image rejection [dBc]
	Uplink allocation

	
	1
	6
	15
	25
	50
	100

	-25
	54.5
	54.0
	54.8
	57.8
	60.3
	49.1

	-28
	54.8
	54.9
	55.3
	59.0
	61.1
	49.4

	-30
	54.9
	55.5
	55.8
	59.2
	61.7
	49.3


Figure 1 shows the emission in the RX band with allocations as above and and LO and image suppression of -25 dBc, Figure 2 shows the same but with LO and image suppression tightened to -28 dBc. This dominating product around 797 MHz is dominating and any improvement of LO or image is of no effect for a -50 dBc counter IM3. Furthermore, the sensitivity for 20 MHz in Table 2 would be degraded by about 4 dB if the counter-IM3 suppression is decreased to -50 dBc. 
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Figure 1: emission spectrum in the RX band (791-811 MHz).
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Figure 2: emission spectrum in the RX band (791-811 MHz).
The transmitter noise could also be reduced by decreasing the LO leakage since 5th order inter-modulation product in the PA generates the product at 806 MHz that is linear in both the LO and the image; the one at 797 MHz fifth order in image, third order in the counter IM3 and higher in LO so not affected by the latter. Table 5 shows the result when the LO and Image suppression are equal (-28 or -30 dBc), and with the counter IM3 at -60 dBc. 
Table 5: ACLR with equal LO and image suppression for the 20 MHz channel 

	LO/Image rejection [dBc]
	Uplink allocation

	
	1
	6
	15
	25
	50
	100

	28
	61.3
	61.9
	62.5
	64.9
	61.1
	48.7

	30
	63.5
	63.7
	64.0
	66.2
	61.5
	48.8


Comparing with the results in Table 1 obtained with a LO at -25 dBc, the improvement of a tightened specification is 1.5-2.5 dB. Figure 3 shows the emission spectrum for a one pRB allocation without the counter IM3 to display the effect of the improved LO and image rejection. We note that the improvement in ACLRRX is not quite 1:1 dB in the image or LO: the two components at 797 and 806 MHz are of comparable magnitude and the dependence of these on the LO and image magnitudes is not the same. We note that there is no improvement for the larger allocations as explained above.  
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Figure 3: emission spectrum in the RX band without counter IM3.
The transmitter noise could also be reduced by decreasing the LO leakage since 5th order inter-modulation product generated by small allocations can fall into the receive band. Table 5 shows the result when the LO and Image suppression are equal (-28 or -30 dBc), and with the counter-IM3 at -60 dBc. Comparing with the results in Table 1 obtained with a LO at -25 dBc, the improvement of a tightened specification is 1.5-2.5 dB. We note that there is no improvement for the larger allocations as explained above.  
The sensitivity for the 15 and 20 MHz channel bandwidth with improved LO and image rejection is shown in Table 6.
Table 6: REFSENS with equal LO- and image rejection for the 20 MHz  bandwidth

	LO/image rejection [dBc]
	REFSENS [dBm]

	-28
	-79.5

	-30
	-81


To sum, based on one particular PA implementation we observe that
1. Band 8 performance can be specified for the REFSENS requirements up to 10 MHz bandwidth with 25 PRB uplink allocation

2. for 15 MHz some relaxation would be needed (few dB) with 25 PRB
3. for 20 MHz the results suggest a degradation of 10 dB, even if the image and LO leakage are tightened
4. for 20 MHz the counter-IM3 suppression would have be match Band 13 performance (for Public Safety)

5. any improvement of image and LO leakage for smaller are subject to a sufficient rejection of counter-IM3.
6. a 6 dB improvement of the sensitivity for 20 MHz can be obtained of the image and LO rejection are tightened to -30 dBc, but the degradation compared to scaled Band 8 performance is still about 10 dB.

To obtain Band 8 performance (i.e. Band 3) for 20 MHz channel bandwidth the duplexer attenuation at RX must exceed 60 dB, which is not possible with conventional high-volume techniques. 
Next we look at the MSD and the choice of a proper network signaling value.
2.2   Maximum Sensitivity Degradation (MSD) 
The MSD is specified at full uplink allocation and the network signaling value NS_01 is sent, unless the operating band under test always has another particular signaling value associated. The signaling value should still represent a valid operating condition. On thing that springs to mind is the generic spurious emission requirement of -50 dBm/MHz in the own receive band. Normally this is not a problem since the duplexer must bring the TX noise below the REFSENS level anyway, but the desensitization can be significant for the 20 MHz channel in our case. Figure 4 shows the PA emission spectrum for a 100 PRB allocation at 25 dBm output power (22 dBm at the antenna port) with no A-MPR applied. We note that the emission is below -20 dBm/MHz in the receive band 791-821 MHz, this only needs an additional 30 dB of help from the TX duplexer and should be guaranteed with conventional SAW technology. 
Support of 20 MHz for Band 20 is challenging with its 41 MHz duplex separation; in all other bands supporting this bandwidth the ratio to the duplex separation is much smaller. Hence the above indicate that NS_01 signaling is feasible for the 20 MHz with regard to the additional spurious requirement -50 dBm/MHz.
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Figure 4: unwanted emission spectrum of a 26 dBm PA (the general LTE mask in red).
3    Proposal

For the reference sensitivity for Band 20, we propose the values in Table 7 be evaluated along with others obtained with other PA models. We propose not to tighten minimum requirements to improve the sensitivity for the 20 MHz channel bandwidth: the performance will anyway be significantly below scaled Band 8 performance.
Table 7: REFSENS for Band 20

	REFSENS [dBm]

	5 MHz/25 PRB
	10 MHz/25 PRB
	15 MHz/25 PRB
	20 MHz/25 PRB

	-97
	-94
	-89
	-75.5


Finally, the above PA implementation analysis suggests that the MSD can be specified using the NS_01 signaling value. 
References

1,    R4-093849, “TP for EU800 TR: reference sensitivity and MSD for E-UTRA”, Ericsson, ST-Ericsson

2.    R4-090039, “Analysis on A-MPR values for NS07”, LG Electronics
3.    R4-090839, “Band 13 and NS_07”, Ericsson

Appendix A

The reference sensitivity for two TX/RX branches is calculated as follows. First we obtain the desensitization due to transmitter noise, the sensitivity degradation is obtained as 



[image: image5.wmf]÷

ø

ö

ç

è

æ

+

=

n

t

MSD

V

V

1

1

a

,
for which it is assumed that the two transmitter signals are correlated. Choose the transmitter noise margin  such that MSD = 0 dB. The transmitter and receiver noise are obtained as
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where Lrx is the receive insertion loss, atx-rx the duplexer isolation, B the bandwidth and Fmax is the noise factor assumed for the reference sensitivity: Fmax = 12 dB, the same as for Band 8. Note that Pout is the PA power output before the TX filter of the duplexer, and the ACLR is measured in the entire receive bandwidth and related to the output power (thus dBc). The REFSENS (dBm) is
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with SNR = -2.0 dB assuming MRC gain when
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(= 0.5 dB is assumed for band with large duplex gap). If the desensitization is large, that is (
[image: image10.wmf]n

t

V

V

>

 whence the correlated transmitter noise is dominating) for both ports, then the SNR should be increased by 3 dB for any uplink allocation considered. 
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