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1 Background
In this contribution we discuss the applicability of the current inter-band CA classes to uplink CA (2 UL). They may also be the basis for WID(s) that cover all band combinations. However, at first we establish that the classes can be used for uplink CA.
In [1] the definition of the current classes are modified to properly cater for cases with intermodulation problems (of 2nd order) to become, with change bars,
A1. Low-high band combination without harmonic relation between bands or intermodulation problem
A2. Low-high band combination with harmonic relation between bands 

A3. Low-low or high-high band combination without intermodulation problem (low order IM) 

A4. Low-low, low-high or high-high band combination with intermodulation problem (low order IM)

Originally, these classes were in fact intended for both the 1 UL and 2 UL cases: Class A4 can only appear for 2 UL. We note that only the fundamental tones of the applied U/D signals and their lowest order harmonics/intermodulation products are considered for the classification. Hence combination of harmonics and intermodulation arising from implementation-specific signals (e.g. by local oscillators) are not – and cannot – be considered.

For A4 the main issue is the case in which an inter-modulation product from simultaneous uplink transmissions in two operating band lands in one of the receive band. This will degrade reference sensitivity just as for the A2 combinations, and may also affect the wanted signal levels in the other receiver tests (not at full output power). For A2 combinations, the reference sensitivity requirement is modified – but the wanted signal levels for the blocking, intermodulation and selectivity tests are not – when CA is configured. Hence for A4 combinations, a modification of the REFSENS can be expected unlike for A1 combinations for which intermodulation or harmonic products fall outside the receive band. 

The inter-modulation product may also be problem for compliance with unwanted emissions requirements such as the -50 dBm/MHz requirement for protection of other operating bands. However, this is a common problem for all classes A1-A5.

2 Spurious emissions: common problem for all 2 UL combinations
Considering spurious emissions requirements for band coexistence, exceptions from the standard requirements (any RAT) are allowed if a low-order harmonic product falls within the measurement bandwidth (Note 2 in Table 6.6.3.2-1 for E-UTRA). These exceptions will presumably also be allowed if two uplinks are active simultaneously for CA. Likewise, exceptions can be allowed for inter-modulation products arising from the two uplink signals. This could be captured by a note in a separate spurious emissions table for uplink CA (or by modifying the existing table appropriately), for example, 

6.6.3.2
Spurious emission band UE co-existence

This clause specifies the requirements for the specified E-UTRA band, for coexistence with protected bands

NOTE:
For measurement conditions at the edge of each frequency range, the lowest frequency of the measurement position in each frequency range should be set at the lowest boundary of the frequency range plus MBW/2. The highest frequency of the measurement position in each frequency range should be set at the highest boundary of the frequency range minus MBW/2. MBW denotes the measurement bandwidth defined for the protected band.

Table 6.6.3.2X-1: Requirements for uplink inter-band CA
	E-UTRA  Band
	Spurious emission 

	
	Protected band
	Frequency range (MHz)
	Maximum Level (dBm)
	MBW (MHz)
	Note

	CA_1A-7A
	E-UTRA Band 1, 7, 8, 11, 18, 19, 20, 21, 22, 26, 27, 28, 38, 40, 42, 43, 44
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	E-UTRA Band 3, 34
	FDL_low 
	- 
	FDL_high
	-50
	1
	15

	
	Frequency range
	1880
	
	1895
	-40
	1
	15,27

	
	Frequency range
	1895
	
	1915
	-15.5
	5
	15,27

	
	Frequency range
	1915
	
	1920
	+1.6
	5
	15,27

	
	Frequency range 
	1884.5
	-
	1915.7
	-41
	0.3
	6, 8, 15

	
	Frequency range
	1839.9
	-
	1879.9
	-50
	1
	15

	
	etc.
	
	
	
	
	
	

	CA_2A-4A
	E-UTRA Band 4, 5, 10, 12, 13, 14, 17, 22, 23, 24, 26, 27, 28, 29, 41, 42
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	E-UTRA Band 2, 25
	FDL_low 
	- 
	FDL_high
	-50
	1
	15

	
	E-UTRA Band 43
	FDL_low 
	- 
	FDL_high
	-50
	1
	2

	etc
	E-UTRA Band 1, 7, 8, 20, 26, 27, 28, 33, 34, 38, 43, 44
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	E-UTRA Band 3
	FDL_low 
	- 
	FDL_high
	-50
	1
	15

	
	E-UTRA Band 11, 18, 19, 21
	FDL_low 
	- 
	FDL_high
	-50
	1
	13

	
	E-UTRA Band 22, 42
	FDL_low 
	- 
	FDL_high
	-50
	1
	2

	
	Frequency range
	1884.5
	-
	1915.7
	-41
	0.3
	13

	…
	
	
	
	
	
	
	

	NOTE 1:
FDL_low and FDL_high refer to each E-UTRA frequency band specified in Table 5.5-1
For harmonics (still a problem for 2 UL):
NOTE 2:
As exceptions, measurements with a level up to the applicable requirements defined in Table 6.6.3.1-2 are permitted for each assigned E-UTRA carrier used in the measurement due to 2nd, 3rd, 4th [or 5th] harmonic spurious emissions. An exception is allowed if there is at least one individual RB within the transmission bandwidth (see Figure 5.6-1) for which the 2nd, 3rd or 4th harmonic totally or partially overlaps the measurement bandwidth (MBW).
Similar for intermodulation due to transmissions within the uplink bands (not other signals):
NOTE2A:
As exceptions, measurements with a level up to TBD are permitted for each assigned E-UTRA carrier used in the measurement due to 2nd,3rd, 4th intermodulation products due to transmissions within the E-UTRA carriers assigned. An exception is allowed if there is at least one individual RB within the transmission bandwidth (see Figure 5.6-1) for which these 2nd,3rd, 4th intermodulation overlap the measurement bandwidth (MBW).
NOTE 3:
To meet these requirements some restriction will be needed for either the operating band or protected band

NOTE 4:
N/A




We note that the is only a problem should it turn out that inter-modulation products actually exceed -50 dBm/MHz, the most stringent unwanted emissions requirement for E-UTRA.
3 The classes and the receiver tests
Another common problem for all classes is the out-of-band blocking requirements and the number of exceptions for spurious responses when two uplinks are active. The (single carrier) inter-modulation test cases might merit some considerations for some A4 classes with 2 UL active depending on where the IM products from the two uplinks fall in relation to the external interferers.
The reference sensitivity will need consideration per CA class. For A2 combinations, the same requirements and test configuration could in fact apply also for 2 UL. One aspect is that sum of the total power from both uplinks are now limited by +23 dBm rather than the power from each uplink. 
4 Proposal

It is proposed to reuse the inter-band classes A1-A5, appropriately modified as per [1], also for uplink inter-band CA (2 UL). 

The classes could also used as the basis for WID(s) on uplink inter-band CA. 
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