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1 Introduction
PUCCH transmission at full power has turned out to be difficult for UE-UE coexistence and spurious emission into adjacent bands [1]. This means that tight unwanted emission limits are effectively imposed in the Out-Of-Band (OOB) region just outside the operating channel.  The spectral density of the PUCCH signal is high which produces spectral peaks in the adjacent band due to transmitter nonlinearities. In this contribution we look at different options for alleviating this problem that are 
· possible using the provisions of the current standard. 
In [2] several options for resolving the PUCCH spurious emission problem are presented: de-boosting of the PUCCH, but this will have an impact on the link budget, and PUCCH remapping. The latter means an allocation of the PUCCH (all formats) at one side of the channel only, and thus no hopping. However, this means that frequency diversity is lost (unless there is significant dispersion and essentially a coherence bandwidth of the order of a RB), and changes to both RAN1 and RAN2 standards are needed.
The basic problem of PUCCH is intermodulation (IM) of the PUCCH slots with its image (caused by IQ imbalance) and the LO leakage signal. In general, IM of two signals at frequencies 
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due to (2n+1)th order nonlinearities (even products fall far away and normally attenuated by duplexers for FDD). For PUCCH IM with its image
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is almost the channel bandwidth which means that the 3rd order product (strongest) falls 
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outside the channel, which is inside the OOB region as defined in 36.101 (channel bandwidth + 5 MHz for bandwidths ≥ 5 MHz). 
Next we look at options for alleviating the UE-UE coexistence problem by which the PUCCH frequency hopping distance is reduced so that the 3rd order IM product fall just inside the own (aggressor) channel and the weaker 5th in the OOB region. This is generally at the expense of a narrower uplink PUSCH, but the downlink bandwidth is retained and PUCCH can be used at full power so that the link budget is maintained. 

One of the proposals involved a slight perturbation of the TX/RX separation, a proposal for capturing this in TS 36.101 is also supplied. 

PUSCH transmission is also addressed: tight OOB protection criteria of the order of -50 dBm/MHz necessitate bandwidth or power reductions due to the achievable ACLR.

2 Modifying the uplink PUCCH region
PUCCH emission into adjacent bands is illustrated in Figure 1. The uplink nominal channel bandwidth (e.g. 10 MHz) is delimited by the dotted lines, and the victim band is on the left-hand side. The Format 2 PUCCH region is shown by the grey areas, Format 1 by the white rectangle. The black one signifies the 3rd order IM with the carrier frequency (higher orders not shown). 
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Figure 1: Spurious emission component from IM with the image due to 3rd and 5th order products.
The main problem is that the lowest order inter-modulation products (3rd and 5th) are typically strong when the PUCCH is transmitted at maximum power for the power spectral density is high then. The 3rd order product falls into the OOB region which is nominal bandwidth + 5 MHz, see Section 6.6.3 of [3]. However, for a 20 MHz channel this means 25 MHz which is a substantial “guard” when considering e.g. FDD/TDD coexistence in Band 7. Hence, it may also be desirable to limit the spectral peaks in the OOB region for these scenarios. The achievable ACLR1 is also a limiting factor for PUSCH. 

Back-off of PUCCH can always be applied, but in case of stringent protection criteria or spurious emission/OOB requirements this is not sufficient if a reasonable uplink link budget is to be maintained. 

2.1 Increasing the PUCCH Format 2 (CQI) region
By increasing the Format 2 region (CQI) governed by the cell-specific parameter
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(boundary between Formats 1 and 2), PUCCH transmission can be moved symmetrically towards the carrier frequency away from the channel band edges, see Figure 2. The over-dimensioned PUCCH Format 2 region will then not be fully used (PUSCH in-band signaling can also be used for CQI). 
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Figure 2: increasing the Format 2 region so 3rd order product fall inside the aggressor bandwidth.
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 is chosen such that the strong 3rd order product falls inside just at the edge of the own channel (the aggressor band), then the 5th order products, which are typically > 15 dB weaker than the 3rd , will be the dominating PUCCH and LO IM components in the victim band. Note that the 3rd order IM product with the LO falls inside the Format 2 region. 
The reduced emission into the victim band is at the expense of the uplink bandwidth and capacity; the PUCCH power is maintained so no impact on the link budget. However, the downlink bandwidth is untouched. It seems that current specifications allow PUSCH transmission outside the PUCCH Format 1, at least for non-FH and for FH if no issue with the PUSCH hopping sequences, but its power must be of course be significantly reduced not to waste the gains just achieved. It should be remarked that PUSCH transmission in the PUCCH regions may increase the inter-cell interference and could be detrimental to PUCCH ACK/NACK performance (note that the configurations are cell specific and would apply to all other intra-frequency cells). If PUSCH is scheduled inside the Format 1 region, then the uplink capacity and performance is reduced to 1/3. 

2.2 Reducing the uplink bandwidth
A slightly lesser loss of uplink bandwidth (notwithstanding PUSCH transmission outside PUCCH) can be obtained by shifting the uplink carrier frequency so that the 3rd order products fall inside the aggressor bandwidth just as above, see Figure 3. The uplink bandwidth will be reduced to 1/2 but the downlink is maintained. 
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Figure 3: shifting the uplink carrier frequency slightly so that products fall inside the aggressor bandwidth.
This asymmetric DL/UL pairing requires a perturbation of the default TX/RX separation, which is discussed further in Section 4.
2.3 PUSCH and ACLR1

ACLR is still the limiting factor in the OOB region so more stringent protection criteria here will require a reduction of the bandwidth or a significantly reduced output power e.g. for PUSCH outside the PUCCH region in Figure 2. A simple example calculation: if the output power at 20 MHz is 23 dB, then a 30 dB ACLR1 requirement means a level of about 23 – 13 – 33 dB = -23 dBm/1 MHz, far above the levels being discussed for UE-UE coexistence at 1 m separation. 
Figure 4 shows the emission for a certain PA model at 22 dBm output power (MPR = 1 dB) for 5, 10 and 20 MHz channel bandwidths. Notice that the IM3 zone extends about a bandwidth outside the operating channel (then a sharp decrease, numerous other examples were presented in [2]); compare the f  between PUCCH RB at the band edges. This governs the ACLR1 and there is merit in defining the OOB region (measured from the channel edge) as “bandwidth + 5 MHz”. 

To reduce the emission from PUSCH we need to put ACLR2 in the OOB region, this would reduce the PSD by about 10 dB or more. This can be achieved with the asymmetric DL/UL solution in Section 2.2, or by keeping the PUSCH transmission inside the PUCCH Format 1 as shown in Figure 2. No extra attenuation by the duplexer is assumed.
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Figure 4: emission spectrum for 5, 10 and 20 MHz channels.

3 Simulation results for PUCCH options
Next we consider some numerical examples for the options in Sections 2.1 and 2.2. We choose the Band 13 and Public Safety as an example as a tight protection criterium of -50 dBm/100kHz (-62 dBm/6.25kHz) is proposed inside the OOB region. Band 13 UL is 777-787 MHz and there is a 2 MHz guard band separating this from the Public Safety band in 763-775 MHz.
Figure 5 shows the emission spectrum for the option in Section 2.1, where a single PUCCH RB is scheduled so that the 3rd order IM with the image occurs right at the edge of the guard band. Hopping is not considered, so the level is overestimated by about 3 dB. The power of the 5th order product is -62 dBm/6.25 kHz. The culprit is actually the IM product with the LO leakage in this case. No duplexer loss is assumed (provides some attenuation in the lower part of the PS band).
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Figure 5: emission spectrum for the increased PUCCH Format 2 region.
Figure 6 shows the results for an asymmetric 10/5 MHz DL/UL pairing, where the TX/RX separation reduced from the default 31 MHz to 29.5 MHz), a slight improvement. 
Note however, that the PUSCH allocation and power has to be significantly restricted in order to satisfy the -50 dBm/100 kHz requirement, e.g. 25 RB allocated at the right channel edge with the total power reduced to 20 dBm [4]. This allocation can be accommodated in the asymmetric DL/UL pairing.
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Figure 6: emission spectrum with a 10/5 MHz asymmetric pairing.
4 TX/RX Separation

To accommodate the solution in Figure 3 a slight perturbation of the TX/RX separation is necessary. This means that the DL and UL EARFCN do not represent the standard duplex separation, hence variable duplex. This is supported in the draft RRC specification TS 36.331 [5]. 

[image: image16.emf] 

1920

 

1880

 

2130

 

2110

 

f

 

1940

 

Figure 7: Example of duplex variability for Band 1 and Band 39. The dash-dotted arrow signifies the default 190 MHz, and the solid 185 MHz to allow an asymmetrically located 10 MHz UL paired with a 20 MHz downlink.
If a large duplex variability is allowed the desense results per operating band will not be met for bands with a small ratio between the duplex gap and duplex separation, e.g. Band 8. One way to allow for the required duplex variability to meet the spurious emission requirements whilst still meeting the sensitivity requirements (the downlink bandwidth is always maintained) could be to limit the TX/RX variability within the (symmetric) DL/UL bandwidth:
For each operating band, the default TX/RX separation (as given by DL and UL EARFCN) may be varied by an amount less than the half the maximum specified bandwidth
Example: for Band 1 for which the maximum bandwidth is 20 MHz the TX/RX separation can be 190 ± 10 MHz. Turning again to Figure 3 this means that the UL EARFCN is increase to give a separation of 185 MHz  to produce a 10 MHz channel paired with the usual downlink 20 MHz channel. 
It is important to note that the provision above would make no difference for bandwidths/operating bands for which a reduced TX allocation is used in the receiver sensitivity tests. From a desense standpoint, the asymmetric pairing is not different from the case where an allocation smaller than the maximum transmission configuration is allocated as close as possible to the receive band.
The ul-EARFCN needed for the asymmetric DL/UL pairing is signaled in SIB2 [5], part of which is reproduced in Table 1; note also the ul-Bandwidth parameter. 
Table 1: uplink bandwidth configuration in SIB2
	SystemInformationBlockType2 field descriptions

	[…]

	accessClassBarringList

Access class barring for AC 11-15. First in the list is for AC 11, second in the list is for AC 12, and so on

	ul-EARFCN

Default value determined from default TX-RX frequency separation defined in [36.101]

	ul-Bandwidth

Parameter: Uplink bandwidth [36.101]. Value n6 corresponds to 6 resource blocks, n15 to 15 resource blocks and so on

	additionalSpectrumEmission

Defined in [36.101]

	[…]


The default TX/RX separation (assumed in SIB2) and the allowed perturbation could be captured in TS 36.101 as follows:
5.3
TX-RX frequency separation

a)
E-UTRA/FDD is designed to operate with the following default TX-RX frequency separations
Table 5.3-1: Default TX-RX frequency separation

	Operating Band
	TX-RX frequency separation

	1
	190 MHz

	2
	80 MHz.

	3
	95 MHz.

	4
	400 MHz

	5
	45 MHz

	6
	45 MHz

	7
	120 MHz

	8
	45 MHz

	9
	95 MHz

	10
	400 MHz

	11
	48 MHz

	12
	30 MHz

	13
	31 MHz

	14
	30 MHz

	17
	30 MHz


b)
For each operating band, the default TX/RX separation may be varied by an amount less than the half the maximum specified bandwidth as given in Table 5.4.2.1-1 (the uplink carrier frequency determined by ul-EARFCN)
c)
The use of other transmit to receive frequency separations in existing or other frequency bands in future releases shall not be precluded.

5 Conclusions
If stringent protection criteria are to be imposed in the OOB region for certain deployments one can decrease unwanted emissions by

· moving PUCCH Format 1/2 transmission symmetrically towards the carrier frequency by increase the Format 2 region (FDD/TDD)
· using an asymmetric DL/UL pairing by means of a perturbed TX/RX separation (FDD)
at the expense of uplink bandwidth and capacity. These solutions are 

· possible within the provisions of the current standard. 

Decreasing PUCCH power is not an option for emissions limits like -50 dBm/MHz (OOB) if a reasonable UL link budget is to be maintained, nor is tightened IQ or LO leakage requirements. Equally, the PUSCH bandwidth (or power) must be reduced in order to meet tight emission limits in the OOB region due to ACLR.
The OOB regions defined for E-UTRA appear reasonable. 
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