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1
Introduction
In the last RAN4 meetings there was a lively discussion about how to specify spurious emissions. Some companies propose to copy the coexistence table from 36.101 [2] 6.6.3.2-1 for 2UL CA in various versions, some others don’t want to use this kind of table since it increases the testing effort significantly. This paper shows a way to get the same test coverage with lower test effort by introducing an intermodulation test instead of a coexistence test.
2
The existing Coexistence Table for 1UL
The current coexistence tests specified in table 6.6.3.2-1 of 36.101 test the spurious emissions from each band into about 15-20 other bands. The test specification describes that each combination of an aggressor band and a victim band is tested 27 times: at low/mid/high channel, at low/mid/high bandwidth and at low/mid /high resource block allocation. This creates a lot of test effort, specifically when taking into account that there are devices with more than 10 bands available. The main purpose of this test is to ensure, that other bands close to the TX bands are not affected by LO phase noise, counter IM3, IM3, spectral regrowth and other higher order intermodulation products of the TX output. At higher frequency offsets the coexistence requirements are usually fulfilled anyway, because usually the level of the output signal decreases when the frequency offset gets larger. At higher frequency offsets usually spurious tones are determining the spurious emission levels at some frequencies while at most frequencies there is a very low spurious emissions level. The issue that the lower frequency offsets are more critical can be seen from all the discussions on coexistence, they usually concentrate on adjacent bands, for example 38 and 7, 1 and 34 or 3 and 39. There is currently no coexistence discussion about frequency bands that are far apart.
Since all bands are already tested separately with one UL, all the constituent bands of a 2UL combination will already be tested in single UL mode for their compliance with the coexistence limits, which are mainly critical close to the carrier and show all the spurious tones. The only spurious emissions that come additionally and usually fall further away from the carrier due to the distance between the two bands are the intermodulation products between the two carriers. As spurious tones already need to be suppressed below the limit, any potential intermodulation products with these will be below the limit as well. Therefore it doesn’t make sense to have another coexistence test checking again all the LO phase noise, IM3, counter IM3, spectral regrowth and spurious tones together with the intermodulation products when the only spurious that is added is the IM between the two UL carriers. It is more useful to test only those frequencies that are directly affected by the 2UL intermodulation products.
Observation 1: The only important differences between 1UL and 2UL spurious emissions are the intermodulation products between the two carriers

3
Intermodulation Products
The intermodulation products that could result in coexistence issues are usually calculated already during the 2UL work item. For example for the band combination 1+5 there is already a table inside the TR 36.860 [1]: 
Table 6.2.1.1.2-1: 2 UL B1 + B5 harmonic products and IMD products
	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	1920
	1980
	824
	849

	2nd harmonics frequency limits
	2*fx_low
	2*fx_high
	2* fy_low
	2* fy_high

	2nd harmonics frequency limits (MHz) 
	3840 to 3960
	1648 to 1698

	3rd harmonics frequency limits
	3*fx_low
	3*fx_high
	3* fy_low
	3* fy_high

	3rd harmonics frequency limits (MHz)
	5760 to 5940
	2472 to 2547

	2nd order IMD products
	|fy_low – fx_high|
	|fy_high – fx_low|
	|fy_low + fx_low|
	|fy_high + fx_high|

	IMD frequency limits (MHz)
	1071 to 1156
	2744 to 2829

	Two-tone 3rd order IMD products
	|2*fx_low – fy_high|
	|2*fx_high – fy_low|
	|2*fy_low – fx_high|
	|2*fy_high – fx_low|

	IMD frequency limits (MHz)
	2991 to 3136
	222 to 332

	Two-tone 3rd order IMD products
	|2*fx_low + fy_low|
	|2*fx_high + fy_high|
	|2*fy_low + fx_low|
	|2*fy_high + fx_high|

	IMD frequency limits (MHz)
	4664 to 4809
	3568 to 3678


This table shows which intermodulation products fall into which frequency range, therefore it can easily be checked which of the IMD products fall into the RX band of a band that is already protected for the single UL case. For example we can see for this band combination, that only the third order components at 3568 to 3678 fall into bands 22, 42 and 43, no other intermodulation product falls into any other band. Therefore all other IM products not falling into an LTE band can be discarded. All harmonics can be discarded as well, since they are anyway already tested in the 1UL case and don’t change with 2UL.
Observation 2: There are only a few intermodulation product frequencies that fall into the receive bands of protected bands
Observation 3: If a band is only listed in one of the two bands as protected band, this obviously means that both bands will not operate together in CA mode in the same region and no intermodulation test is required
Proposal 1: Instead of repeating the whole coexistence testing with 2UL, the intermodulation products should be tested directly.
4 Example for an intermodulation test
The following extract shows a proposal how an intermodulation test could be specified.
6.6.4A
Additional spurious emissions requirements for 2UL CA

These requirements are specified in terms of additional intermodulation requirements for bands where the intermodulation products between the two carriers will result in intermodulation products in another LTE UE RX band. 

6.6.4A.1
Minimum requirement for 2UL CA_1_5
The power of any UE emission shall not exceed the levels specified in Table 6.6.4A.1-1. 

Table 6.6.4A.1-1: Additional requirements 

	Protected band frequency (MHz)
	TX Frequencies (MHz)
	Maximum Level (dBm)
	MBW (MHz)
	TX LTE Bandwidth (MHz)

	E-UTRA band 22,42,43
	f1
	- 
	f2
	
	
	

	3580
	825
	-
	1930
	tbd
	1
	5


5
Summary
This paper deals with a proposal how to avoid a second time and money consuming coexistence test by maintaining the same test coverage. The following observations and proposals are made:

Observation 1: The only important differences between 1UL and 2UL spurious emissions are the intermodulation products between the two carriers

Observation 2: There are only a few intermodulation product frequencies that fall into the receive bands of protected bands
Observation 3: If a band is only listed in one of the two bands as protected band, this obviously means that both bands will not operate together in CA mode in the same region and no intermodulation test is required
Proposal 1: Instead of repeating the whole coexistence testing with 2UL, the intermodulation products should be tested directly.
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