3GPP TSG-RAN WG4 Meeting UE-RF
R4-69AH-0014
Austin, USA, 14th - 16th Jan, 2014
Agenda item:

3
Source:
Broadcom Corporation
Title:
Dual uplink inter-band CA intermodulation 
Document for:

Discussion
1 Introduction
RAN4 has discussed quite a lot about the intermodulation pertaining to dual uplink inter-band CA. On high level there are two issues to clarify: Intermodulation power levels for each order of intermodulation with different type of band combinations and how to address those in the specifications. 
2 Discussion
Even the dual uplink inter-band intermodulation as a whole is a complex issue we should try to avoid creating unnecessarily complex specifications whenever possible.

RF front-end component performance has a big impact to the intermodulation analysis results. We used commercially available modern components in this analysis. ETC performance was assumed.  The performance is slightly better in typical conditions but we used ETC because that is what component vendors can guarantee.
We analyse some of the most common architectures. It shall be noted that there can also be some other viable RF front-end architectures presented by the other companies that should be accounted as well.
We assume equal TX power on each uplink that is 20dBm per CC at the antenna connector. This assumption is made only for the sake of simplicity; in real operation unequal TX power can be used naturally.
This contribution only discusses cases where IMD is assumed to hit at least partially on top of own DL CC. Intermodulation caused by TX signals and finite LNA linearity needs to be evaluated as well.
Intermodulation with “common diplexer” based UE RF front-end architecture
Figure 1 below shows an example of common diplexer based RF front-end architecture.
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Figure 1 Common diplexer based RF Front-end architecture
Intermodulation in antenna switch:

Figure 2 below illustrates the contributors of intermodulation. In this example, band L1 transmission is attenuated by the diplexer. Attenuated L1 transmission is seen at the antenna switch output. H1 transmission is seen at the antenna switch input. The intermodulation products generated in the antenna switch are seen at the antenna. Depending on the frequency, they are attenuated by the diplexer. For instance if the intermodulation frequency generated at the antenna switch in figure 2 is at the diplexer passband it is not attenuated by the diplexer. 
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Figure 2
The following formulas can be used to calculate IMD2 and IMD3:
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In this analysis we used the following numerical values for these parameters:
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Note that 
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is H1 TX in figure 2 and 
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is attenuated L1 TX. L1 TX was assumed to be 20.5dBm and diplexer attenuation (very worst case) 10dB. Thus 
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became 20.5dBm-10dBm=10.5dBm. 
Inserting these values into formulas we get the following intermodulation products at the main antenna switch output:
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Assuming 10dB isolation between main and diversity antenna the total intermodulation power is as follows.
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Intermodulation in diplexer:
Figure 3 below depicts the situation. Intermodulation is generated by L1 TX and H1 TX. 
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Figure 3
We were not able to get vendor verified data about diplexer intermodulation. In discussions with component vendors this mechanism was not seen to be a big issue, anyhow the real performance must be further studied.
Intermodulation in PA:

We assume that the total output power of the UE is limited to 23dBm. The aggressor UL was evaluated to be -15dBm in worst case at the victim PA output. The power level of the victim PA was assumed to be 25dBm. 
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Duplexer attenuates intermodulation by ~40dB.

Thus the total intermodulation power is


[image: image21.wmf]dBm

P

MRC

IMD

72

_

2

-

=



[image: image22.wmf]dBm

P

MRC

IMD

82

_

3

-

=


Intermodulation with “no common-diplexer” based RF front-end architecture
Single TX antenna RF front-end architecture:
Figure 4 below shows an example of common diplexer based RF front-end architecture.
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Figure 4 No common diplexer based RF Front-end architecture
Figure 5 below illustrates the contributors of intermodulation. In this example, bands are combined with a diplexer that is then connected to antenna switch. The analysis would be similar if L1-H1 band combination were implemented using a quadplexer.
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Figure 5
In this analysis we used the following numerical values for these parameters:


[image: image25.wmf]dBm

IIP

dBm

IIP

dBm

P

dBm

P

65

105

21

21

3

2

2

1

=

=

=

=


Note that 
[image: image26.wmf]1

P

is H1 TX in figure 5 and 
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 L1 TX. Different to earlier example, now L1 TX is not attenuated and is thus 21dBm. Antenna switch IL is assumed to be 1dB.
Inserting these values into formulas we get the following intermodulation products at the main antenna switch output:
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Respectively the total intermodulation power is
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Dual TX antenna RF architecture:
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Figure 6 Dual TX antenna architecture

The antenna to antenna isolation is typically around 10dB. Figure 6 above illustrates how aggressor transmission couples to the antenna switch. The aggressor is attenuated by the amount of antenna to antenna isolation. Thus the values are the following
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Inserting these values into formulas we get the following intermodulation products at the main antenna switch output:


[image: image34.wmf]dBm

P

IMD

74

105

10

21

2

-

=

-

+

=



[image: image35.wmf]dBm

P

IMD

78

65

*

2

10

21

*

2

3

-

=

-

+

=


Respectively the total intermodulation power is


[image: image36.wmf]dBm

P

MRC

IMD

81

_

2

-

=



[image: image37.wmf]dBm

P

MRC

IMD

85

_

3

-

=


Duplexer and quadplexer intermodulation
Duplexers generate intermodulation as well. In figure 7, attenuated H1 TX is the aggressor.
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Figure 7 Duplexer intermodulation

Diplexer attenuates H1 by at least 10dB. We used measurement data from randomly chosen low band duplexer to derive 
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values. We assumed 4dB post PA loss. It has to be noted that these linearity values are examples only and they should not be used as “minimum” or “maximum” duplexer performance values. More data from measurements and/or duplexer datasheets is needed. We used the following values in this analysis.
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Inserting these values into formulas we get the following intermodulation products at the duplexer output:
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Respectively the total intermodulation power is
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Like earlier said, these are initial results and duplexer linearity was obtained from only one randomly chosen component.

Figure 8 illustrates another possible intermodulation born mechanism when two duplexers are matched together (=quadplexer). 
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Figure 8 Quadplexer intermodulation
If the matching were perfect, then L2 should be seen as open port in L1 passband. In practice this is not always the case and thus L2 generates intermodulation in duplexer with L1. The level of L2 attenuation is very difficult to precisely estimate. The first L1 resonators could see almost unattenuated L2 TX power. The ultimate worst case would naturally be that there would be no attenuation at all. In that case the aggressor TX would be 20dBm, 10dBm higher than in figure 7. Respectively, 
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would be 10dBm higher. Earlier [1] we estimated that this mechanism for intermodulation would be less harmful than the case in figure 7 but after further considerations we don’t want to make that conclusion before actual measurements. 
The results are collected into table below.

	Case
	2nd order intermodulation after MRC combiner (IMD2_MRC)
	3rd order intermodulation after MRC combiner (IMD3_MRC)

	Antenna switch in common diplexer architecture
	-81
	-85

	Antenna switch in no common diplexer architecture
	-70
	-74

	PA intermodulation in common diplexer architecture
	-72
	-82

	Antenna switch in dual antenna no common diplexer architecture
	-81
	-85

	Duplexer intermodulation in diplexer band combination
	-85
	-61


How to set the specification?
It shall be underlined that the magnitude of the so called intermodulation problem depends on the power levels of the signals concurrently entering into a non-linear component (switch, diplexer, duplexer, etc). When signal levels are high the intermodulation power is high and when the signal levels are lower the intermodulation power is lower.

It can be seen from the table above that the intermodulation power is high in worst case (=when the TX power at both CC is high). In order to mitigate intermodulation down into a level that it would cause for instance <0.5dB desensitization in worst case would require to reduce the transmission power on either of the uplinks or another of the uplinks dramatically. In worst case the NW might configure UE into single uplink operation because the power for at least another of the uplinks would need to be reduced more than is possible. 
There are several ways to address intermodulation in the specifications. Some alternatives are listed below.
1) Do nothing
-In this option there would be no requirements in 36.101 to address intermodulation. IDC schemes could be used to handle the intermodulation issue if needed. In this option the UE would not be able to mitigate the intermodulation power level. In this option heavy desensitization could occur in worst case scenario
2) A-MPR/MPR

-In this option UE would be allowed to reduce TX power of either/each uplink by certain amount of A-MPR/MPR. If this option is chosen the A-MPR should be allowed only when the uplinks are transmitting concurrently; otherwise the transmit power would be too limited. We’d like to avoid redefining the purpose of MPR that is currently used only for modulation related power reductions.

3) P-MPR

-Current definition of P-MPR does not allow using P-MPR to handle intermodulation between two (or more) 3GPP radios. Thus the definition should be broadened accordingly if this approach is chosen. It should be clarified whether it is acceptable that the NW does not have any decision power on which of the UL power is reduced. Alternatively there could be some restrictions, for instance to limit the applicability of the P-MPR to SCC UL only. 
4) MSD 

-In this approach certain amount of desensitization is allowed. The magnitude of desensitization especially in case of IMD2 and maybe IMD3 would be probably too large for practical use case but anyhow the performance would be verified. If MSD is chosen we propose to use equal TX power, 20dBm per CC in verification of MSD. From UE behaviour perspective this option would be similar to “Do nothing” alternative but the maximum level of MSD would be verified.
At the moment we are pretty open on all listed alternatives and look forward the discussion in RAN4. Option1 would not require any additional RAN4 work. IDC schemes could be utilized and maybe fine-tuned in RAN2 if needed. In practice option1 could mean switching between dual uplink and single uplink mode depending on how heavily the victim DL is desensitized or if that is not desired then it could mean some scheduling decisions. Option2 and option3 could work fine as well but it might be difficult to find consensus on the power restriction values. MSD approach could also be considered although the benefit of having MSD specified is rather limited because of the following reasons. 
The amount of desensitization at high output power levels is large, in magnitude of double digit dB’s. Even the MSD specification would be very tight the MSD value would still be significant. This means that UE could not operate well under those conditions and instead something else should be done such as switch into single UL mode or avoid concurrent transmissions at high output power levels. Another aspect is that the MSD could be verified due to testing burden by using only a limited set of TX power levels per CC. The operators might not benefit much of this information because in practical use cases the TX powers vary quite a lot. The MSD requirement would naturally be defined only for those band combinations where 2nd, 3rd, or 5th order intermodulation lands at least partially on top of own DL CC. 
In case RAN4 decides to adopt MSD specification the MSD numbers must be very carefully considered. There are several components that have an impact to the intermodulation power level. Often the component datasheets don’t contain all relevant information such as IIP2/IIP3 or IMD2/IMD3, not to even speak about 5th order non-linearity performance. Then the defined performance varies quite a lot amongst same type of components. Higher linearity often means larger component size and/or highly expensive component that both are not desirable at all for chipset vendors, UE vendors and operators. If RAN4 chooses MSD the MSD levels will be at least partly based on sporadic and insufficient component information given the Rel12 timeframe. Choosing too tight MSD specification would not help much; for instance having 15dB desensitization instead of 20dB looks of course nice but does not impact much on the feasibility of the dual UL inter-band CA feature but it may force UE vendors to use ultimately linear components suited for just particular band combination which makes UE design very challenging and in some cases even impossible.
3 Conclusion
This contribution evaluated intermodulation power levels with different dual uplink CA RF front-end architectures. The IMD2 and IMD3 power levels cause ~10-40dB desensitization in worst case. IMD5 and IMD7 were not analysed, but we estimate that at least IMD5 is not negligible small.
Some alternatives to address intermodulation in the specifications were discussed. We are pretty open for all listed alternatives. It’s important that the intermodulation specification, if any, is meaningful and not too complex.
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