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1
Introduction
RAN4 has agreed on specifying spurious emissions for UL inter-band CA in TS36.101. A note has been introduced in the TR for dual uplink inter-band CA [1] indicating the frequencies which could be verified for 2UL CA. An LS on this topic has also been sent to RAN5 in [2]. The precise inclusion of UE spurious emissions for UL inter-band CA in TS 36.101 is still TBD.
In this contribution, we discuss and propose the principles to specify the UE spurious emissions for inter-band CA with 2UL and propose specific changes to TS 36.101.  A draft CR for the spurious emissions chapter is attached.
2
Discussion
2.1
The basis to specify spurious emissions for co-existence

General UE spurious emissions and UE spurious emissions for co-existence for UL intra-band CA are already included in TS 36.101. These requirements also need to be specified for the inter-band CA with 2ULs to ensure the fulfilment of regulatory requirements (i.e.general spurious emissions) as well as co-existence between bands in the same geographical area.

The inclusion of the UE spurious emissions for co-existence in TS36.101 has been under discussion in RAN4. The agreement is to include spurious emissions protection to victim ranges or operating bands which will co-exist in the same geographical area as the inter-band CA combination. In addition, the introduction of a NOTE to specify certain frequencies to be tested for each UL CA combination was proposed in [4]. The NOTE [4] states as follows.

NOTE : The requirements in 2 UL inter-band CA UE to UE co-existence table could be verified by measuring spurious emissions [at least] at the specific frequencies where second and third order intermodulation products generated by the two transmitted carriers can occur; in that case, the requirements for remaining applicable frequencies in 2 UL inter-band CA UE to UE co-existence table would be considered to be verified by the measurements verifying the 1 UL inter-band CA UE to UE co-existence requirements.
TS 36.101 includes Core requirements but no test requirements. Therefore, this NOTE should not be included in this specification. The frequencies to be tested need to be included in TS 36.521-1, which is under RAN5 responsibility. The LS [2] sent by RAN4 can be used as guidance.

The spurious emission requirements for intra-band CA apply for any total UE power level as well as for any power imbalance between the 2CCs as the specifications are written today. The same should apply for the 2UL scenario for inter-band CA combinations. 

We note that even if the requirements are specified for any total power and power imbalance, the requirements could be tested for specific conditions. This is under RAN5 control. For UL intra-band CA, no specific power imbalance has been specified in TS 36.521-1. The test procedure specifies the UE to increase its UL power following the received “Up” commands. From TS 36-521, chapter 6.6.3.2A.1.4.2

5. Send continuously uplink power control “up” commands in every uplink scheduling information to the UE until the UE transmits at PUMAX level.

2.2
Modifications to TS 36.101

The specific modifications to the Rel-12 version of TS 36.101 to include the UE spurious emissions for co-existence are included in this chapter with track changes. Modifications to chapter 6.6.3.2A do not include the specific requirements applicable to a particular inter-band CA combination with 2UL. 
6.6.3
Spurious emissions

Spurious emissions are emissions which are caused by unwanted transmitter effects such as harmonics emission, parasitic emissions, intermodulation products and frequency conversion products, but exclude out of band emissions unless otherwise stated. The spurious emission limits are specified in terms of general requirements inline with SM.329 [2] and E-UTRA operating band requirement to address UE co-existence. 

To improve measurement accuracy, sensitivity and efficiency, the resolution bandwidth may be smaller than the measurement bandwidth. When the resolution bandwidth is smaller than the measurement bandwidth, the result should be integrated over the measurement bandwidth in order to obtain the equivalent noise bandwidth of the measurement bandwidth.

6.6.3.1
Minimum requirements

Unless otherwise stated, the spurious emission limits apply for the frequency ranges that are more than FOOB (MHz) in Table 6.6.3.1-1 from the edge of the channel bandwidth. The spurious emission limits in Table 6.6.3.1-2 apply for all transmitter band configurations (NRB) and channel bandwidths.

Table 6.6.3.1-1: Boundary between E-UTRA out of band and spurious emission domain

	Channel bandwidth 
	1.4

MHz
	3.0

MHz
	5

MHz
	10

MHz
	15

MHz
	20

MHz

	OOB boundary FOOB (MHz)
	2.8
	6
	10
	15
	20
	25


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 channel should be FOOB + MBW/2. MBW denotes the measurement bandwidth defined in Table 6.6.3.1-2.
Table 6.6.3.1-2: Spurious emissions limits 

	Frequency Range
	Maximum Level
	Measurement bandwidth
	Note

	9 kHz ( f < 150 kHz
	-36 dBm
	1 kHz 
	

	150 kHz ( f < 30 MHz
	-36 dBm
	10 kHz 
	

	30 MHz ( f < 1000 MHz
	-36 dBm
	100 kHz
	

	1 GHz ( f < 12.75 GHz
	-30 dBm
	1 MHz
	

	12.75 GHz ≤ f < 5th harmonic of the upper frequency edge of the UL operating band in GHz
	-30 dBm
	1 MHz
	1

	NOTE 1:
Applies for Band 22, Band 42 and Band 43


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.
For uplink inter-band carrier aggregation the spurious emission limits apply for the frequency ranges that are more than FOOB (MHz) for CA Bandwidth Class A 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-1 for CA bandwidth Class A the 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.
< Next change to TS 36.101>

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. 
For intra-band contiguous carrier aggregation, the requirements in Table 6.6.3.2A-1 apply for coexistence with protected bands

Table 6.6.3.2A-1: Spurious emission band UE co-existence for intra-band contiguous CA
	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, 11, 18, 19, 20, 21, 22, 26, 27, 28, 31, 38, 40, 41, 42, 43, 44
	FDL_low 
	- 
	FDL_high
	-50
	1
	

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

	
	Frequency range
	1880
	-
	1895
	-40
	1
	7,10

	
	Frequency range
	1895
	-
	1915
	-15.5
	5
	7, 10, 12

	
	Frequency range
	1900
	-
	1915
	-15.5
	5
	6, 7, 10, 12

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

	
	Frequency range 
	1884.5
	-
	1915.7
	-41
	0.3
	4, 5

	
	Frequency range
	1839.9
	-
	1879.9
	-50
	1
	

	CA_3C
	E-UTRA Band 1, 7, 8, 20, 26, 27, 28, 31, 33, 34, 38, 41, 43, 44
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	E-UTRA Band 3
	FDL_low 
	- 
	FDL_high
	-50
	1
	10

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

	CA_7C
	E-UTRA Band 1, 3, 7, 8, 20, 22, 27, 28, 29, 30. 31, 33, 34, 40, 42, 43
	FDL_low
	-
	FDL_high
	-50
	1
	

	
	Frequency range
	2570
	-
	2575
	+1.6
	5
	8, 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, 27, 28, 29, 30, 31, 33, 34, 40, 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, 7, 8, 20, 22, 26, 27, 33, 34, 38, 39, 41, 42, 43, 44
	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, 27, 28, 29, 30, 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 subclause 6.6.3.3A.5 is signalled by the network.

NOTE 9:
Applicable when CA_NS_05 in subclause 6.6.3.3A.4 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 aggregated channel bandwidth.
NOTE 11:
This requirement is applicable for carriers with aggregated channel bandwidths confined in 2570-2615 MHz. 
NOTE 12:
For these adjacent bands, the emission limit could imply risk of harmful interference to UE(s) operating in the protected operating band.


For uplink inter-band carrier aggregation, the requirements in Table 6.6.3.2A-2 apply for coexistence with protected bands
Table 6.6.3.2A-2: Spurious emission band UE co-existence for uplink inter-band CA

	E-UTRA CA Configuration
	Spurious emission 

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

	CA_xA-yA
	TBD
	TBD
	-
	TBD
	TBD
	TBD
	TBD


3
Proposal

The following is proposed.

Proposal 1: To specify UE general spurious emissions and UE spurious emissions for co-existence in TS 36.101 for any UE total output power and any power imbalance between the carriers (as of today)
Proposal 2:  To include protection of all DL operating bands which will co-exist in the same geographical area as the inter-band CA combination and not include any detail on the specific frequencies to verify
Proposal 3: To take the attached draft CR as the baseline for the specification of the spurious emissions chapter in 36.101
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