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1 Background
The necessity of specifying UE spurious emissions requirements for band coexistence for UL CA has been considered and debated by RAN4; a way forward for was presented in [1] but not agreed. In this brief we discuss options proposed for setting requirements and reiterate some earlier proposals.
From a regulatory standpoint, the spurious emissions requirements must be met regardless of operational mode. For protection of operating bands defined by 3GPP, protection should also be afforded regardless of operational mode to ensure robust network operation.  Therefore, spurious emissions requirements (including band protection) for UL inter-band CA should be captured in the core specification 36.101 just as for UL intra-band CA. Methods for reducing the total test time could be considered for the conformance tests. 
The first discussion on options for specifying spurious emissions for UL inter-band CA was presented in [2]. The option that would meet the aims above is clearly
Option 5: Choose a subset of protected frequency ranges/bands to protect based on spectrum allocations in the countries where the two bands are deployed
This would also be consistent with the existing specification for non-CA operation, for which the protected victim bands are chosen according to the deployment and spectrum allocations in the geographical area where the aggressor band is used.
Spurious emission due to intermodulation products generated by uplink inter-band CA is a common issue for all combinations A1-A5. Simulations in [3] and measurements in [4] indicate that the standard -50 dBm/MHz limit for band coexistence may be a problem for some band combinations. All combinations should be investigated, but some general rule is needed. Compliance with the requirements for non-CA does not necessarily mean compliance for inter-band CA cases under all conditions, the characteristics of the front end changes when both uplinks are activated. The total UE power is limited by PPowerClass, but the transmit power of the two uplinks are controlled individually, for uplink inter-band carrier aggregation with up to one serving cell c per operating band: 

PCMAX_L = MIN {10log10∑ MIN [ pEMAX,c/ (tC,c),  pPowerClass/(mprc·a-mprc·tC,c ·tIB,c) , pPowerClass/(pmprc·tC,c) ], PPowerClass}


PCMAX_H = MIN{10 log10 ∑ pEMAX,c , PPowerClass}
Hence almost all available output power can be allocated to one of the uplinks. The emissions requirements should be met regardless of power distribution between the two uplinks, and this should be captured in the core specifications. However, for the conformance tests, a particular power distribution has to be chosen in order to limit the test time.
2 How to specify spurious emissions in the core specifications
For protection of bands, an additional table is needed in 36.101 for the UL inter-band CA combinations similar to that already included for UL intra-band CA. 
Just as for low-order harmonics products for non-CA operations, exceptions can be allowed for low-order intermodulation products falling within the measurement bandwidth as discussed in [3] and repeated in [5]. Exceptions would only be allowed for intermodulation products arising at frequencies that are functions of the fundamental transmitter frequencies, not any other signals that are implementation specific. 
These exceptions for low-order harmonics should also be allowed if two uplinks are active simultaneously for CA. The harmonic problem will still prevail, the output powers of the two uplinks are controlled individually. The power distributions of the uplinks should not be mandated in the core specifications, the general Pcmax limitations in Clause 6.2.5A apply.
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: 
6.6.3.2A
Spurious emission band UE co-existence for CA

This clause specifies the requirements for the specified carrier aggregation configurations 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 6.6.3.2A-1: Requirements

	E-UTRA  CA Configuration
	Spurious emission 

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

	CA_1C
	E-UTRA Band 1, 3, 7, 8, 9, 11, 18, 19, 20, 21, 22, 38, 40, 41, 42, 43
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	E-UTRA band 34
	FDL_low 
	- 
	FDL_high
	-50
	1
	4,6,7

	
	Frequency range
	1900
	
	1915
	-15.5
	5
	6,10,12

	
	Frequency range
	1915
	
	1920
	+1.6
	5
	6,7,10, 12

	
	Frequency range
	1880
	
	1895
	-40
	1
	7,10

	
	Frequency range
	1895
	
	1915
	-15.5
	5
	7,10

	
	Frequency range 
	1884.5
	-
	1915.7
	-41
	0.3
	4, 5

	CA_7C
	E-UTRA Band 1, 3, 7, 8, 20, 22, 33, 34, 42, 43
	FDL_low
	-
	FDL_high
	-50
	1
	

	
	Frequency range
	2570
	-
	2575
	+1.6
	5
	12

	
	Frequency range
	2575
	-
	2595
	-15.5
	5
	8, 12

	
	Frequency range
	2595
	-
	2620
	-40
	1
	8

	CA_38C
	E-UTRA Band 1,3, 8, 20, 22, 33, 34, 42, 43
	FDL_low
	-
	FDL_high
	-50
	1
	

	
	Frequency range
	2620
	-
	2645
	-15.5
	5
	9, 10, 11, 12

	
	Frequency range
	2645
	-
	2690
	-40
	1
	9, 10,11

	CA_40C
	E-UTRA Band 1, 3, 33, 34, 39, 41, 42, 43
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	CA_41C
	E-UTRA Band 1, 2, 3, 4, 5, 8, 10, 12, 13 , 14, 17, 23, 24, 25, 26, 34, 39, 40, 42, 44
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	NOTE 1:
FDL_low and FDL_high refer to each E-UTRA frequency band specified in Table 5.5-1

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 or 3rd harmonic spurious emissions. An exception is allowed if there is at least one individual RE within the transmission bandwidth (see Figure 5.6-1) for which the 2nd or 3rd harmonic, i.e. the frequency equal to two or three times the frequency of that RE, is within 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:
Applicable when CA_NS_01 in subclause 6.6.3.3A.1 is signalled by the network.
NOTE 5:
Applicable when co-existence with PHS system operating in 1884.5 -1915.7MHz.

NOTE 6:
Applicable when CA_NS_02 in subclause 6.6.3.3A.2 is signalled by the network.
NOTE 7:
Applicable when CA_NS_03 in subclause 6.6.3.3A.3 is signalled by the network.

NOTE 8:
Applicable when CA_NS_06 in section 6.6.3.3A.3 is signalled by the network.

NOTE 9:
Applicable when CA_NS_05 in section 6.6.3.3A.3 is signalled by the network.
NOTE 10:
The requirement also applies for the frequency ranges that are less than FOOB (MHz) in Table 6.6.3.1-1 and Table 6.6.3.1A-1 from the edge of the channel bandwidth.
NOTE 11:
This requirement is applicable for carriers with bandwidths confined in 2570-2615 MHz. For assigned carriers with bandwidths overlapping the frequency range 2615-2620 MHz the requirements apply with the maximum output power configured to +20 dBm in the IE P-Max.

NOTE 12:
For these adjacent bands, the emission limit could imply risk of harmful interference to UE(s) operating in the protected operating band.


The requirements for uplink carrier aggregation are specified in Table 6.6.3.2A-2.
Table 6.6.3.2A-2: Requirements for uplink inter-band carrier aggregation
	EUTRA CA configuration
	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
	
	
	
	
	
	
	

	…
	
	
	
	
	
	
	

	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 simultaneous transmissions in 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, 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
[…]



For the general spurious emissions requirements, there does not seem to be a need for any exceptions due to inter- modulation: the general requirements apply. This should nevertheless be captured in 36.101, like this for example:
6.6.3.1A
Minimum requirements for CA

For intra-band contiguous carrier aggregation the spurious emission limits apply for the frequency ranges that are more than FOOB (MHz) in Table 6.6.3.1A-1 from the edge of the aggregated channel bandwidth (Table 5.6A-1). For frequencies ΔfOOB greater than FOOB as specified in Table 6.6.3.1A-1the spurious emission requirements in Table 6.6.3.1-2 are applicable.

Table 6.6.3.1A-1: Boundary between E-UTRA out of band and spurious emission domain for intra-band contiguous carrier aggregation

	CA Bandwidth Class
	OOB boundary FOOB

(MHz)

	A
	Table 6.6.3.1-1

	B
	FFS

	C
	BWChannel_CA + 5


NOTE:
In order that the measurement of spurious emissions falls within the frequency ranges that are more than FOOB (MHz) from the edge of the channel bandwidth, the minimum offset of the measurement frequency from each edge of the aggregated channel should be FOOB + MBW/2. MBW denotes the measurement bandwidth defined in Table 6.6.3.1-2.

For inter-band carrier aggregation, the spurious emission limits apply for the frequency ranges that are more than FOOB (MHz) in Table 6.6.3.1A-1 from the edge of the aggregated channel bandwidth (Table 5.6A-1) of the carriers assigned in each operating band of the band combination. For frequencies ΔfOOB greater than FOOB as specified in Table 6.6.3.1A-1, the spurious emission requirements in Table 6.6.3.1-2 are applicable.
This formulation would also cover combinations of uplink intra-band and inter-band carrier aggregation (Rel-12 combinations are of CA Bandwidth Class A so Table 6.6.3.1-1 applies outside each of the two carriers).
3 In the conformance test specifications
Methods for reducing the test time should be considered for the conformance test specification 36.521-1.The spurious emissions requirements are verified with 1 RB and full allocation and are swept in frequency up to 12.75 GHz (at least). The bandwidth of the intermodulation varies with the order, but would then be of the order of a few RB with high PSD to multiples of the channels bandwidths assigned for the two uplinks. The order of intermodulation to consider for Note 3 is clearly TBD. 
One stab at reducing the test time could be to consider the actual frequencies where IMD products up to e.g. 5th order would fall, and then only measure these products in case they overlap with a protected band. These frequencies are known for the fundamental TX frequency one example for Band 1 + Band 5 is shown below, the table reproduced from TS 36.860,
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


However, when two uplinks are configured, other IMD products with other implementation specific signals may be generated. These are most likely of less significance, and another argument against the method above is that a new test procedure needs to be specified. 
The simplest way for reducing the test time is perhaps to reduce the frequency range of the test and not sweep up to 12.75 MHz. The upper frequency of the test could instead be determined by the frequencies where IMD products of lower order would fall, and then sweep the frequency from 9 kHz to this upper frequency. But this is a RAN5 matter.
4 Proposal
It is proposed to choose Option 5 in [2] for the specification of emissions requirements for UL inter-band CA. Intermodulation products exceeding the standard limit of -50 dBm/MHz for protection of other bands can be handled by allowing exceptions.
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