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1
Introduction
Core requirements for all receiver characteristics should also be specified for uplink inter-band carrier aggregation in the 3GPP specification in order to provide guidance for implementation of the feature. The aim is not to tighten the receiver performance requirements specified in Rel-8, and this requires a proper setting of the uplink power in the specifications of the corresponding requirements for uplink inter-band carrier aggregation.
The text proposal attached to this contribution contains a discussion on the uplink power complete with tentative specification text for 36.101. One particular aspect is the uplink power for the reference sensitivity tests; we propose to use 

PCMAX_L,c – 3 dBm. 

Earlier it has been agreed to use 
MIN(+20,PCMAX_L,c – 3) dBm, 
but this amounts to the same, since PCMAX_L,c is capped at PPowerclass = +23 dBm for Power Class 3. 

The receiver spurious emissions and receiver image requirements are also addressed: we do not propose specifying requirements for these specifically for UL inter-band CA.

2
Proposal

We propose to include the text below into the latest version of TR 36.860. We note that the text proposal only covers the power setting of the uplinks for the receiver tests. 
TEXT PROPOSAL:

<start of text proposal>
Table 5.2.9-2: IMDs and harmonics in downlink bands
	Class
	Band Combination
	Harmonics in DL band
	IMDs in DL band(s) 

	
	
	H2
	H3
	IMD2
	IMD3
	IMD4
	IMD5

	Dual-uplink Inter-band CA
	A1
	B1+B5
	 
	 
	 
	 
	Yes
	 

	
	
	B1+B19
	 
	 
	 
	 
	Yes
	 

	
	
	B3+B20
	 
	 
	 
	 
	Yes
	 

	
	
	B7 +B28
	 
	 
	 
	 
	 
	 

	
	
	B2+B13
	 
	 
	 
	 
	 
	 

	
	
	B4+B13
	 
	 
	 
	 
	 
	 

	
	A2
	B3+B8
	Yes
	 
	
	
	Yes 
	Yes

	
	
	B4+B12
	 
	Yes
	 
	 
	Yes
	 

	
	
	B4+B17
	 
	Yes
	 
	 
	 
	 

	
	A3
	B1+B7
	 
	 
	 
	 
	 
	 

	
	
	B3+B7
	 
	 
	 
	 
	Yes
	 

	
	
	B4+B7
	 
	 
	 
	 
	Yes
	 

	
	
	B5+B12
	 
	 
	 
	 
	 
	 

	
	
	B5+B17
	 
	 
	 
	 
	 
	 

	
	A4
	B3+B5
	 
	 
	Yes
	 
	Yes
	Yes

	
	
	B2+B4
	 
	 
	 
	Yes
	 
	Yes

	
	
	B7+B20
	 
	 
	 
	Yes
	 
	Yes

	
	
	B3+B26
	 
	 
	Yes
	 
	Yes
	Yes

	
	
	B5+B7
	 
	 
	 
	Yes
	 
	Yes

	
	
	B3+B19
	 
	 
	Yes
	 
	Yes
	Yes

	
	A5
	B1+B21
	 
	 
	 
	 
	 
	 

	
	
	B19+B21
	 
	 
	 
	 
	 
	 


5.2.10
RF receiver characteristics
In general, core requirements should be specified in 36.101 for all receiver characteristics with two uplinks active, except for receiver spurious emissions and receiver image. However, much of the core RF performance for uplink inter-band CA would be implicitly verified by the non-CA and the existing downlink inter-band CA cases so there is room for significant reduction of the number of tests for the conformance test specification 36.521-1. 
5.2.9.1
UL configuration for verification of receiver requirements
Verification of the receiver RF performance for non-CA operation and CA with one UL active (non-CA in the uplink) are made with the uplink power set at

· PUMAX (should be PUMAX,c) for reference sensitivity;
· PCMAX_L – 4 dBm (should be PCMAX_L,c – 4 dBm) for remaining tests.
For uplink inter-band CA the total UE output power is bounded by PCMAX (capped at Ppowerclass if not at lower power) and the component carriers by PCMAX,c with its lower limit PCMAX_L,c. In live operation the output power levels of the two uplink component carriers can be substantially different for inter-band CA, but for verification of the receiver requirements the UL power balance should be fixed in view of the test complexity. The powers of the transmitter IMD products vary with the uplink power balance and the frequency positions of the IMD products depend on the CA band combination. The UL test configuration should be applicable to any band combination, whence it appears most straightforward to verify the receiver core requirements with equal power on the two uplinks whenever this is possible; there may be significant A-MPR allowed on one of the uplinks for some NS values and allocations. 
The aim is not to tighten the Rel-8 requirements, whence it appears most straightforward to set the uplink power for each serving cell c to
1. PCMAX_L,c – 7 dBm

for verification of all requirements for uplink inter-band CA except for reference sensitivity. This means that each of the two uplinks are upper-bounded at PPowerclass – 7 dBm = +16 dBm and the total power can never exceed PPowerclass – 4dBm = +19 dBm consistent with the maximum uplink power for non-CA operation in the uplink.
For verification of reference sensitivity, the uplink power should be set for each carrier at PCMAX_L,c – 3 dBm rather than PUMAX – 3 dBm, which simplifies power setting in the test system (a well-specified level at each UL). Each of the two uplinks is upper-bounded at +20 dBm.
The wanted downlink signal levels for uplink inter-band CA tests should be the same as for non-CA operations. The receiver requirements are always verified with some allowed desensitization (a power offset relative to the reference sensitivity) that is test- and bandwidth specific. The uplink power level should be chosen so that the test is relevant from a deployment perspective; the uplink and downlink should be reasonably balanced (reference sensitivity is verified at maximum uplink to mimic cell-edge conditions for example). For the receiver tests with their allowed desensitization, a power setting of the uplinks at either PCMAX_L,c – 4 dBm or PCMAX_L,c – 7 dBm for uplink inter-band CA does not present a major difference in terms of the relevance of the tests.  
The uplink allocations should be chosen according to the non-CA requirements (Table 7.3.1-2 in 36.101) for each band.
5.2.9.2
Requirements for reference sensitivity
For verification of the reference sensitivity, the power levels of the two uplinks should be set at

PCMAX_L,c – 3 dBm,
which makes the power of each uplink well-defined with its own power target (simplifies the test procedure). The power of each uplink would be bounded at +20 dBm for Power Class 3.
< text to be added > 
5.2.9.2.1
Class A1: Low-high band combination without harmonic relation between bands or intermodulation problem
The sensitivity requirements for 2DL/1UL inter-band CA can be reused for 2UL with an allocation according to Table 7.3.1-2 in 36.101 for each uplink.
5.2.9.2.2
Class A2. Low-high band combination with harmonic relation between bands
< text to be added > 
5.2.9.3
Requirements for blocking, selectivity and wideband intermodulation 
For verification of the ACS and in-band blocking, narrow-band blocking and wide band intermodulation requirements, the power levels of the two uplinks should be set at


PCMAX_L,c – 7 dBm.
The effect on ACS of cross-modulation is increased with two uplinks active. However, the power levels of the uplinks are reduced compared to the non-CA case so the existing requirements for ACS for non-CA operation should be retained for uplink inter-band CA with the wanted downlink signal levels kept unchanged.
The specification of the ACS requirements for two uplinks could be captured as follows in 36.101 (similar for other requirements):
7.5.1A
Minimum requirements for CA

For inter-band carrier aggregation with uplink assigned to one E-UTRA band, the adjacent channel requirements are defined with the uplink active on the band other than the band whose downlink is being tested. The UE shall meet the requirements specified in subclause 7.5.1 for each component carrier while both downlink carriers are active. For E-UTRA CA configurations including an operating band without uplink band (as noted in Table 5.5-1), the requirements for both downlinks shall be met with the uplink active in the band capable of UL operation. For E-UTRA CA configurations listed in Table 7.3.1A-0a under conditions for which reference sensitivity for the operating band being tested is N/A, the adjacent channel requirements of subclause 7.5.1A do not apply.
For inter-band carrier aggregation with one component carrier per operating band and the uplink active in two E-UTRA bands, the above adjacent channel requirements applicable for the uplink assigned to one E-UTRA band shall be met but with the transmitter power set to 7 dB below PCMAX_L,c  for serving cell c for Case 1 in Table 7.5.1-2, and 27 dB below PCMAX_L,c  for serving cell c for Case 2 in Table 7.5.1-3.
For intra-band contiguous carrier aggregation the downlink SCC(s) shall be configured at nominal channel spacing to the PCC. For FDD, the PCC shall be configured closest to the uplink band. All downlink carriers shall be active throughout the test. The uplink output power shall be set as specified in Table 7.5.1A-2 and Table 7.5.1A-3 with the uplink configuration set according to Table 7.3.1A-1 for the applicable carrier aggregation configuration. For UE(s) supporting one uplink carrier, the uplink configuration of the PCC shall be in accordance with Table 7.3.1-2. The UE shall fulfil the minimum requirement specified in Table 7.5.1A-1 for an adjacent channel interferer on either side of the aggregated downlink signal at a specified frequency offset and for an interferer power up to -25 dBm. The throughput of each carrier shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in Annexes A.2.2, A.2.3 and A.3.2 (with one sided dynamic OCNG Pattern OP.1 FDD/TDD for the DL-signal as described in Annex A.5.1.1/A.5.2.1) with parameters specified in Tables 7.5.1A-2 and 7.5.1A-3.

For intra-band non-contiguous carrier aggregation with one uplink carrier and more than or equal to two downlink carriers, each larger than or equal to 5 MHz, the adjacent channel selectivity requirements are defined with the uplink configuration in accordance with Table 7.3.1A-3. For this uplink configuration, the UE shall meet the requirements specified in subclauses 7.5.1 and 7.5.1A for single component carrier and intra-band contiguous component carriers separately, subject to in-gap and out-of-gap interferers while all downlink carriers are active. The interferer power Pinterferer for Case 1 in Table 7.5.1-2 shall be set to the maximum of the levels given by the two downlink carriersFor both Case 1 and Case 2 (Table 7.5.1-3), the wanted signal power level of each carrier shall be set in accordance with the ACS requirement (Clause 7.5.1) relative to the interferer power Pinterferer.
Table 7.5.1A-1: Adjacent channel selectivity

	
	
	CA Bandwidth Class

	Rx Parameter
	Units
	B
	C
	D
	E
	F

	ACS
	dB
	27
	24
	22.2
	
	


The same power level should be applied for the in-band blocking and narrow-band blocking test cases. Hence, as follows in the specification: 
7.6.1.1A
Minimum requirements for CA

For inter-band carrier aggregation with uplink assigned to one E-UTRA band the in-band blocking requirements are defined with the uplink active on the band other than the band whose downlink is being tested. The UE shall meet the requirements specified in subclause 7.6.1.1 for each component carrier while both downlink carriers are active.
For inter-band carrier aggregation with one component carrier per operating band and the uplink active in two E-UTRA bands, the above in-band blocking requirements applicable for the uplink assigned to one E-UTRA band shall be met but with the transmitter power set to 7 dB below PCMAX_L,c  for serving cell c in Table 7.6.1.1-1.
and
7.6.3.1A
Minimum requirements for CA

For inter-band carrier aggregation with uplink assigned to one E-UTRA band the narrow-band blocking requirements are defined with the uplink active on the band other than the band whose downlink is being tested. The UE shall meet the requirements specified in subclause 7.6.3.1 for each component carrier while both downlink carriers are active.
For inter-band carrier aggregation with one component carrier per operating band and the uplink active in two E-UTRA bands, the above narrow-band blocking requirements applicable for the uplink assigned to one E-UTRA band shall be met but with the transmitter power set to 7 dB below PCMAX_L,c  for serving cell c in Table 7.6.3.1-1.
The requirements for wideband intermodulation can be specified in a similar way.
5.2.9.4
Requirements for out-of-band blocking

For verification of the out-of-band blocking requirements, the power levels of the two uplinks should be set at


PCMAX_L,c – 7 dBm
The power levels of the uplinks are reduced compared to the non-CA case so the existing requirements for out-of-band for non-CA operation could be retained for uplink inter-band CA with the wanted downlink signal levels kept unchanged. 
The number of spurious responses may increase for two uplinks if the non-CA uplink power is retained (Option 2 in 5.2.9.1), but for a reduced power for each uplink the number of spurious responses could possibly be kept the same as for the downlink inter-band CA case (2DL/1UL with the single uplink 4 dB below the maximum power): 
For Table 7.6.2.1A-0 in frequency ranges 1, 2 and 3, up to 
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 exceptions per downlink are allowed for spurious response frequencies when measured using a step size of 1 MHz. For these exceptions the requirements in clause 7.7.1A apply.
This could be captured in the following way in 36.101, with the allowed number of exceptions TBD:
7.6.2.1A
Minimum requirements for CA

For inter-band carrier aggregation with the uplink assigned to one E-UTRA band, the out-of-band blocking requirements are defined with the uplink active on the band other than the band whose downlink is being tested. The throughput in the downlink measured shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in Annexes A.2.2, A.2.3 and A.3.2 (with one sided dynamic OCNG Pattern OP.1 FDD/TDD for the DL-signal as described in Annex A.5.1.1/A.5.2.1) with parameters specified in Tables 7.6.2.1-1 and 7.6.2.1A-0. The UE shall meet these requirements for each component carrier while both downlink carriers are active. 
For inter-band carrier aggregation with one component carrier per operating band and the uplink active in two E-UTRA bands, the above out-of-band blocking requirements applicable for the uplink assigned to one E-UTRA band shall be met but with the transmitter power set to 7 dB below PCMAX_L,c  for serving cell c in Table 7.6.2.1-1
For E-UTRA CA configurations including an operating band without uplink band (as noted in Table 5.5-1), the requirements for both downlinks shall be met with the uplink active in the band capable of UL operation. For E-UTRA CA configurations listed in Table 7.3.1A-0a under conditions for which reference sensitivity for the operating band being tested is N/A, the out-of-band blocking requirements of subclause 7.6.2.1A do not apply.

Table 7.6.2.1A-0: out-of-band blocking for inter-band carrier aggregation with one active uplink

	Parameter
	Unit
	Range 1
	Range 2
	Range 3

	Pw
	dBm
	Table 7.6.2.1-1 for both component carriers

	Pinterferer
	dBm
	-44 + RIB,c
	-30 + RIB,c
	-15 + RIB,c

	Finterferer
(CW)
	MHz
	-60 < f – FDL_Low(1) < -15

or

-60 < f – FDL_Low(2) < -15

or

15 < f – FDL_High(1) < 60

or

15 < f – FDL_High(2) < 60
	-85 < f – FDL_Low(1) ≤ -60

or

-85 < f – FDL_Low(2) ≤ -60

or

60 ≤ f – FDL_High(1) < 85

or

60 ≤ f – FDL_High(2) < 85
	1 ≤ f ≤ FDL_Low(1) – 85

or

FDL_High(1) + 85 ≤ f

≤ FDL_Low(2) – 85

or 

FDL_High(2) + 85 ≤ f

≤ 12750

	NOTE 1:
FDL_Low(1) and FDL_High(1) denote the respective lower and upper frequency limits of the lower operating band, FDL_Low(2) and FDL_High(2) the respective lower and upper frequency limits of the upper operating band.

NOTE 2:
For FDL_Low(2) – FDL_High(1) < 145 MHz and FInterferer in FDL_High(1) < f < FDL_Low(2), FInterferer can be in both Range 1 and Range 2. Then the lower of the PInterferer applies.

NOTE 3:
For FDL_Low(1) – 15 MHz ≤ f ≤ FDL_High(1) + 15 MHz and FDL_Low(2) – 15 MHz ≤ f ≤ FDL_High(2) + 15 MHz the appropriate adjacent channel selectivity and in-band blocking in the respective subclauses 7.5.1A and 7.6.1.1A shall be applied.

NOTE 4:
RIB,c according to Table 7.3.1-1A applies when serving cell c is measured.


For Table 7.6.2.1A-0 in frequency ranges 1, 2 and 3, up to 
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 exceptions per downlink are allowed for spurious response frequencies for one active uplink when measured using a step size of 1 MHz. For these exceptions the requirements in clause 7.7.1A apply. The number of allowed exceptions for two active uplinks is TBD.
The requirement for spurious response can be specified accordingly.
5.2.9.5
Requirements for receiver spurious emissions and receiver image

The receiver spurious emissions follow the ITU-R requirements and are verified with no RB allocations (0 RB) in neither the DL nor the UL (PDCCH is sent). The requirement applies for any narrowband (CW) emissions from receivers without any specific information on the UL transmissions. Hence there is no need to verify this requirement specifically for 2UL inter-band CA.
The receiver-image requirement is verified by a base-band test (power imbalance), whence it is no need to verify this explicitly for 2UL inter-band CA.
5.3

RRM specific 
<end of text proposal>
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