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1 Background
The discussions on the A-MPR for NS_07 have hitherto focused on the 3rd order IM between an allocated PRB and its image, the over-provisioned PUCCH is devised so that this products falls just at the edge of the guard band towards Public Safety (PS). Now, measurement results provided by LGE and Samsung [1,2] have shown that mixer nonlinearities produce strong IM3 products -- “counter IM3” -- also for allocations at the upper edge of Band 13, i.e. region C in the Table 6.2.4-2 of [3]. These products fall into the PS for allocations outside the symmetric PUCCH region at the upper edge, and necessitate large power back-offs.
The mixer nonlinearities occur in the base-band and are additional to the image and LO leakage: the resuling IM3 product does only depend on the latter to a higher order. Hence, the effect of counter IM3 is not attenuated by a tighter LO and image specification. 
In this contribution we look at the impact of the mixer nonlinearities and give provisional results for the NS_07 table. 

Before starting, it is emphasized that the problem is more general and will be important also for other coexistence scenarios e.g. Band 1 to Band 33. For releases beyond Rel-8 variable duplex techniques can be introduced, whereby the uplink channel can be shifted in frequency so that the PUCCH region becomes asymmetric (see earlier proposals for Rel-8 in [4]). The counter IM3 will then fall just at the edge of the own channel, and power back-off will be smaller in general at the expense of a lower peak rate for the channel at the operating band edge. There will be an IM3 between the counter IM3 that fall on the non-allocated part of the band and the allocated PRB after the PA, but these are weak IM products. 
Next we make a simple model of the mixer to show the effect if the mixer nonlinearity.
2 Mixer nonlinearities
A single-sideband (SSB) mixer using an IQ modulator multiplies the baseband I-signal with 
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 and then sums the signals. In practice switching at the LO frequency 
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is used, but we can neglect this here and instead just add some gain imbalance  and assume sinusoidal baseband signals 
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for simplicity to get
(2.1)
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where we have used 
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to represent the SSB carrier (e.g. a subcarrier). The second term is the image signal, which produces a strong IM3 product after the PA at
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. The over-provisioned PUCCH is devised so that the corresponding product originating from the symmetric SSB allocation (w r t to LO) at 
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falls at the edge of the 2 MHz guard band to PS.
Considering the mixer nonlinearities, assume that each I/Q-branch has the same cubic nonlinearity
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, and add the same DC offset  at both branches, we then get the output

(2.2)
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where it is assumed that  << 1,  << 1 and  << 1. The last term of (2.2) is the counter IM3, and we have retained one higher-order term to demonstrate the negligible impact of the gain imbalance.
(2.2) is a simplification but nevertheless captures the major cause behind the counter IM3. In practice there may other contributions at are also other contributions at 
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such as e.g. impact of VCO re-modulation. 
3 Tighter image and LO do not help
The counter IM3 is only affected by the gain imbalance to a higher order, and is not dependent on the LO leakage:

(3.2)
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It will be amplified by the PA and its rejection w r t the carrier in dBc will be a dB for dB (1:1) reduction of the factor . Note that a reduction of the image will not reduce (3.2). The product (3.2) is “counter” to the much weaker mixer IM3 product 
(3.3)

[image: image14.wmf](

)

m

s

f

f

eg

2

cos

8

+

.

However, after the PA, the latter will be superposed by the strong IM3 product between the SSB and the image mentioned above, the reason for the over-provisioning.   
The image rejection  < 0.01 is important for the inband-EVM requirements and may also give slightly lower A-MPR for allocations in region A in Table 6.2.4-2 in [3], but the effect is marginal for high power back-off since e.g. (3.3) from the mixer is also amplified by the PA. Likewise, tightening of the LO will reduce the IM3 between the SSB and the LO occurring after the PA at 
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, but these are also superposed by the 3rd and 6th terms of (2.2) duly amplified by the PA so a tighter LO specification will only help down to a certain level.
It is proposed to retain the current image an LO rejection requirements, the mixer nonlinearities causing strong IM3 products should be dealt with separately. We have of course made these conclusions on simplified assumptions with sinusoidal baseband signals, but the major effects are still captured.
4     Impact on NS_07 table
Assuming a blanking region of 13 RB for Table 6.2.4-2 in [4] for the PUCCH, the effect of the counter IM3 will essentially occur beyond RB 36 (the upper PUCCH): a single PRB at RB 37 will occur just inside the Public Safety band. The counter IM3 from the mixer will be amplified by the PA and can only be reduced at the PA output by reducing . A typical value for the IQ-modulator examined in [1] is -45 dBc, and since there is a 1:1 relationship after the PA this means an allowed output for a single PRB of
(4.1)
-60 dBm/6.25kHz + 45 dBc = -15 dBm/6.25 kHz = -0.4 dBm/PRB
to fulfil the spurious emission limit, and more than 20 dB A-MPR is needed. 

The latest proposal for the A-MPR table [5] assumes a non-symmetrical Region B w r t the carrier frequency with two sub-regions (lower and upper B below). However, in order to deal with the counter IM3 and devise an A-MPR profile is it probably easier to revert to the original B region that is delimited by the PUCCH. 

Following this, Figure 1 shows the results for A-MPR with a counter IM3 rejection of -50 dBc. Lower B denotes an RB start between RB 13 and 19, cross-region scheduling is possible and the upper region B is now assumed to extend up to RB 36.  

· Region C only: large back-off as suggested by (4.1), it decreases with allocation size as the PSD of the RB decrease.

· Region A: IM with the image for small RB allocations, spectral regrowth for larger allocations but smaller PSD as the allocation size grows. When the allocations extend into Region C the counter IM3 has an effect but the PSD is quite lower for these PRBs so the proposal for A in [VzW] still appears reasonable.
· Region B: IM with the image for small allocations (PUCCH), spectral regrowth starts to become a problem for lower B which is closer to the PS band. There is an impact of the counter IM3 as allocations grow into Region C.
The image rejection assumed for the results in Figure 1 is -27 dBc. 
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Figure 1: Required additional power back-off for different regions.
The needed back-off for region C will have a negative impact on uplink capacity. However, for region B, on the other hand, the required back-off is lesser than that proposed in [5], which is advantageous for uplink capacity and coverage. The behaviour in Region B could possibly be captured in a formula that gives reasonably low A-MPR, increasing up to about 7 dB for large B+C allocations. Furthermore, it is worth noting that the UE output power accuracy is better at lower A-MPR. 
For region A and allocations up to A+B+C, the A-MPR values contained in [5] are reasonable. 

We conclude that the Counter IM3 cannot be neglected. There resulting emission component after the PA can only be reduced dB for dB (1:1) with respect to the mixer cubic nonlinearity. The latter can be expected to improve with RFIC development but for Rel-8 it appears that large power reductions are needed given the current performance of IQ modulators.
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