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1 Introduction
In this contribution we discuss the specification of 4DL inter-band CA with particular emphasis on the corresponding band combinations agreed at RAN#66. We discuss the necessary changes to the receiver test configurations that cover these combinations, amongst others, and their transmitter requirements for the single UL. We also propose tentative specification changes to 36.101 including the relaxationsTIB,c and RIB,c. It turns out that the specification of the agreed inter-band combinations can be straightforward.
2 Use of classes of combinations 
Defining new classes of combinations for simplifying the work on 4DL inter-band CA does not seem necessary, at least not for the agreed combinations. RAN4 did not agree to using classes for the 3DL combinations, but it turned out that the specification of these could be based on the classes for their 2DL fallback modes for the problems with harmonics and complex multiplexers are the same for 3DL operation. 

Problems may arise for combinations where e.g. harmonics of a low band fall in two high bands; CA_3-7-8 is one example, which may require an amendment of the test configuration for handling allowed exceptions to REFSENS requirements.
3 Test configurations for receiver requirements

3.1 General 

The current requirements for sensitivity, selectivity and blocking cover up to three component carriers; it is straightforward to extend these to four carriers. We recall that the requirements for reference sensitivity apply with the single UL active in each of the band of the combination, whereas the selectivity and blocking requirements apply with the uplink in the band(s) not containing the carriers under test (measured). For the agreed 4DL combinations, the configurations of which are shown in Figure 1, the reference sensitivity for all carriers apply with the uplink active in each of the bands; for the band supporting contiguous aggregation an SCC is always closest to the duplex gap (FUL3 in the lower part). The selectivity and blocking requirements for e.g. Band A, on the other hand, apply when the uplink is active at either FUL2 or FUL3 or FUL4 for the top case and at either FUL2 or FUL3 for the lower part.
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Figure 1: Inter-band carrier aggregation of four bands (upper part) and a band combination of four carriers in three bands including intra-band contiguous aggregation (lower part).
The number of contiguously aggregated carriers can be increased to three in the lower part of Figure 1, but then the number of bands combined would be two (covers CA_25A-41D).

Combinations including non-contiguous aggregation (Figure  2) is extended just as easily, the uplink should then be located closest to the duplex gap when active in the band supporting two carriers.
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Figure 2: a band combination of four carriers including intra-band non-contiguous aggregation.
The exsting requirement also easily extend to 4DL combinations of either intra-band contiguous or non-contiguous aggregation of two carriers in two different bands. 
Next we propose modifications to the exising test configurations for verifying receiver requirements to cover the 4DL CA configurations: 

· CA_XA-YA-ZA-OA, CA_XC-YA-ZA, CA_XA-YD (the inter-band combinations agreed thus far)
and the following that can be verified using the same principles:
· CA_XC-YC and CA_XA-XA-YA-YA.

There are still a remaining 4DL combinations: CA_XA-XA-YC, i.e. a combination of intra-band contiguous and non-contiguous aggergation in different bands. This may require an additional paragraph or one can write a more general formulation covering all combinations including intra-band aggregation that can be extended to 5DL. The proposal below is just an amendment of the existing specification, but covers the 4DL combinations agreed thus far.
3.2 Reference sensitivity
The following changes are proposed for reference sensitivity:
7.3.1A
Minimum requirements (QPSK) for CA

< the case of one carrier per band (CA_XA-YA-ZA-OA) is covered by the existing text >

For inter-band carrier aggregation with one component carrier per operating band and the uplink assigned to one E-UTRA band the throughput 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 Table 7.3.1-1 and Table 7.3.1-2. The reference sensitivity is defined to be met with all downlink component carriers active and one of the uplink carriers active. The UE shall meet the requirements specified in subclause 7.3.1 with the following exceptions. 
< exceptions apply, no changes needed >

For the UE that supports any of the E-UTRA CA configurations given in Table 7.3.1A-0a, exceptions to the aforementioned requirements are allowed when the uplink is active in a lower-frequency band and is within a specified frequency range such that transmitter harmonics fall within the downlink transmission bandwidth assigned in a higher band as noted in Table 7.3.1A-0a. For these exceptions, the UE shall meet the requirements specified in Table 7.3.1A-0a and Table 7.3.1A-0b.
< text omitted > 
For intra-band contiguous carrier aggregation the throughput of each component 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 Table 7.3.1-1 and Table 7.3.1A-1. Table 7.3.1A-1 specifies the maximum number of allocated uplink resource blocks for which the intra-band contiguous carrier aggregation reference sensitivity requirement shall be met. The PCC and SCC allocations follow Table 7.3.1A-1 and form a contiguous allocation where TX–RX frequency separations are as defined in Table 5.7.4-1. For UE(s) supporting one uplink carrier, the uplink configuration of the PCC shall be in accordance with Table 7.3.1-2 and the downlink PCC carrier center frequency shall be configured closer to uplink operating band than the downlink SCC center frequency. Unless given by Table 7.3.1-3, the reference sensitivity requirements shall be verified with the network signalling value NS_01 (Table 6.2.4-1) configured.

Table 7.3.1A-1: Intra-band contiguous CA uplink configuration for reference sensitivity

	CA configuration / CC combination / NRB_agg / Duplex mode

	CA configuration
	100RB+25RB
	100RB+50RB
	75RB+75RB
	100RB+75RB
	100RB+100RB
	Duplex Mode

	
	PCC
	SCC
	PCC
	SCC
	PCC
	SCC
	PCC
	SCC
	PCC
	SCC
	

	CA_1C
	
	
	N/A
	N/A
	75
	54
	N/A
	N/A
	100
	30
	FDD

	CA_3C
	50
	0
	50
	0
	N/A
	N/A
	50
	0
	50
	0
	FDD

	CA_7C
	
	
	75
	0
	75
	0
	75
	0
	75
	0
	FDD

	CA_38C
	
	
	
	
	75
	75
	
	
	100
	100
	TDD

	CA_39C
	100
	25
	100
	50
	N/A
	N/A
	100
	75
	N/A
	N/A
	TDD

	CA_40C
	
	
	100
	50
	75
	75
	100
	75
	100
	100
	TDD

	CA_41C
	
	
	100
	50
	75
	75
	100
	75
	100
	100
	TDD

	CA_40D
	
	
	100
	50
	N/A
	N/A
	100
	75
	100
	100
	TDD

	CA_41D
	
	
	100
	50
	75
	75
	100
	75
	100
	100
	TDD

	CA_42C
	100
	25
	100
	50
	N/A
	N/A
	100
	75
	100
	100
	TDD

	NOTE 1:
The carrier centre frequency of SCC in the UL operating band is configured closer to the DL operating band.
NOTE 2:
The transmitted power over both PCC and SCC shall be set to PUMAX as defined in subclause 6.2.5A.
NOTE 3:
The UL resource blocks in both PCC and SCC shall be confined within the transmission bandwidth configuration for the channel bandwidth (Table 5.6-1).

NOTE 4:
The UL resource blocks in PCC shall be located as close as possible to the downlink operating band, while the UL resource blocks in SCC shall be located as far as possible from the downlink operating band.
NOTE 5: 
In case a CA configuration consists of CC channel bandwidths which are unequal in bandwidth the PCC channel bandwidth shall be the larger one for reference sensitivity test.

NOTE 6: 
For intra-band contiguous carrier aggregation, the requirement is verified with the largest number of [simultaneous] active uplink carriers supported by the UE.


For intra-band non-contiguous carrier aggregation with one uplink carrier and two downlink carriers, the throughput of each downlink component 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 both downlink carriers active and parameters specified in Table 7.3.1-1 and Table 7.3.1A-3 with the power level in Table 7.3.1-1 increased by  RIBNC given in Table 7.3.1A-3 for the SCC. Unless given by Table 7.3.1-3, the reference sensitivity requirements shall be verified with the network signalling value NS_01 (Table 6.2.4-1) configured.
< text omitted >

Table 7.3.1A-4: Intra-band non-contiguous CA with two uplinks configuration for reference sensitivity

	CA configuration
	Aggregated channel bandwidth (PCC+SCC)
	Wgap / [MHz]
	UL PCC allocation
	UL SCC allocation
	ΔR2UL_PCC 

(dB)
	ΔR2UL_SCC 

(dB)
	Duplex mode

	CA_4A-4A
	NOTE 2
	NOTE 3
	NOTE 4
	NOTE 5
	0.0
	0.0
	FDD

	NOTE 1:
The transmitter shall be set to PUMAX as defined in subclause 6.2.5A.
NOTE 2:
All combinations of channel bandwidths defined in Table 5.6A.1-3.

NOTE 3:
All applicable sub-block gap sizes.

NOTE 4:
The PCC allocation is same as Transmission bandwidth configuration NRB as defined in Table 5.6-1.

NOTE 5:
The SCC allocation is same as Transmission bandwidth configuration NRB as defined in Table 5.6-1.


< the following would cover combinations of intra-band contiguous and inter-band combinations with up to four carriers: CA_XC-YA, CA_XC-YA-ZA and CA_XC-YC >
For combinations of intra-band contiguous and inter-band carrier aggregation with up to four downlink carriers and one uplink carrier assigned to one E-UTRA band, the requirement is defined with an uplink configuration in accordance with Table 7.3.1-2 in each band. The downlink PCC carrier center frequency shall be configured closer to the uplink operating band than the downlink SCC center frequency when the uplink is active in the band(s) supporting contiguous aggregation with up to three component carriers per band. For these uplink configurations, the UE shall meet the reference sensitivity requirements for intra-band contiguous carrier aggregation for the contiguously aggregated downlink carriers (up to three carriers per band) and for any remaining component carrier(s) in band(s) supporting one carrier per band the requirements specified in subclause 7.3.1. All downlink carriers shall be active throughout the tests. Unless given by Table 7.3.1-3, the reference sensitivity requirements shall be verified with the network signalling value NS_01 (Table 6.2.4-1) configured.

< the following would cover combinations of intra-band non-contiguous and inter-band combinations with up to four carriers: CA_XA-XA-YA, CA_ XA-XA-YA-YA and CA_ XA-XA-YA-ZA >

For combinations of intra-band non-contiguous and inter-band carrier aggregation with up to four downlink carriers (up to two carriers per band) and one uplink carrier assigned to one E-UTRA band, the requirement is defined with an uplink configuration in accordance with Table 7.3.1A-3 when the uplink is active in band(s) supporting two component carriers and in accordance with Table 7.3.1-2 when the uplink is active in  band(s) supporting one component carrier. For these uplink configurations, the UE shall meet the reference sensitivity requirements for intra-band non-contiguous carrier aggregation of two downlink carriers and for any remaining component carrier(s) the requirements specified in subclause 7.3.1. For the two component carriers within the same band, RIBNC = 0 dB for all sub-block gaps (Table 7.3.1A-3) when the uplink is active in another band. All downlink carriers shall be active throughout the tests. Unless given by Table 7.3.1-3, the reference sensitivity requirements shall be verified with the network signalling value NS_01 (Table 6.2.4-1) configured.

For the UE that supports any of the E-UTRA CA configurations of three or four downlink carriers given in [Table 7.3.1A-0a], exceptions to the aforementioned requirements are allowed when the uplink is active in a lower-frequency band and within a specified frequency range such that transmitter harmonics fall within the downlink transmission bandwidth assigned in a higher band as noted in Table 7.3.1A-0a. For these exceptions, the UE shall meet the requirements specified in Table 7.3.1A-0a and Table 7.3.1A-0b.

7.3.1B
Minimum requirements (QPSK) for UL-MIMO
In order to cover missing combinations like CA_XA-XC-YA (two sub-blocks in one band) one can talk about “sub-blocks” instead of “carriers” in the paragraphs above.
3.3 Adjacent channel selectivity
The changes for adjacent selectivity follows along similar lines, but the uplink configuration is different as explained above:
7.5.1A
Minimum requirements for CA

< the case of one carrier per band (CA_XA-YA-ZA-OA) is covered by the existing text >
For inter-band carrier aggregation with one component carrier per operating band and the uplink assigned to one E-UTRA band, the adjacent channel requirements are defined with the uplink active on the band(s) 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 all 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 all downlinks shall be met with the uplink active in the band(s) 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 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 two downlink sub-blocks, 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 for each sub-block as specified in subclauses 7.5.1 and 7.5.1A for a single component carrier and intra-band contiguous component carriers per sub-block, respectively. The requirements apply for 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 and Table 7.5.1A-2 shall be set to the maximum of the levels given by the carriers of the respective sub-blocks. For both Case 1 and Case 2 (Table 7.5.1-3 and Table 7.5.1A-3), the wanted signal power level for the carriers of each sub-block shall be set in accordance with the ACS requirement (Table 7.5.1-1 and Table 7.5.1A-1) relative to the interferer power Pinterferer.

< text omitted >
Table 7.5.1A-3: Test parameters for Adjacent channel selectivity, Case 2

	Rx Parameter
	Units 
	CA Bandwidth Class

	
	
	B
	C
	D
	E
	F

	Pw in Transmission Bandwidth Configuration, per CC 
	dBm
	-50.5 +10log10(NRB,c/ NRB agg)
	-47.5 +10log10(NRB,c/NRB agg)
	-43.9 +10log10(NRB,c/NRB agg)
	
	

	PInterferer
	dBm
	-25

	BWInterferer 
	MHz
	5
	5
	5
	
	

	FInterferer (offset)


	MHz
	2.5+ Foffset
/

-2.5- Foffset
	2.5+ Foffset
/

-2.5- Foffset
	2.5+ Foffset
/

-2.5- Foffset
	
	

	NOTE 1:
The transmitter shall be set to 24dB below PCMAX_L,c or PCMAX_L as defined in subclause 6.2.5A.

NOTE 2:
The interferer consists of the Reference measurement channel specified in Annex 3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1 and set-up according to Annex C.3.1

NOTE 3:
The Finterferer (offset) is the frequency separation of the center frequency of the carrier closest to the interferer and the center frequency of the adjacent channel interferer and shall be further adjusted to 
[image: image4.wmf]ë

û

0075

.

0

015

.

0

0.5

0.015

F

interferer

+

+

MHz to be offset from the sub-carrier raster.


< the following would cover combinations of intra-band contiguous and inter-band combinations with up to four carriers: CA_XC-YA, CA_XC-YA-ZA and CA_XC-YC >

For combinations of intra-band contiguous and inter-band carrier aggregation with up to four downlink carriers and one uplink carrier assigned to one E-UTRA band, the requirement is defined with the uplink active in each band other than that supporting the downlink(s) under test and a configuration in accordance with Table 7.3.1-2. The downlink PCC carrier center frequency shall be configured closer to the uplink operating band than the downlink SCC center frequency when the uplink is active in band(s) supporting contiguous aggregation of up to three component carriers. For these uplink configurations, the UE shall meet the adjacent channel selectivity requirements for intra-band contiguous carrier aggregation for the contiguously aggregated downlink carriers (up to three carriers per band) and for any remaining component carrier(s) in band(s) supporting one carrier per band the requirements specified in subclause 7.5.1. All downlink carriers shall be active throughout the tests.

< the following would cover combinations of intra-band non-contiguous and inter-band combinations with up to four carriers: CA_XA-XA-YA, CA_ XA-XA-YA-YA and CA_ XA-XA-YA-ZA >
For combinations of intra-band non-contiguous and inter-band carrier aggregation with up to four downlink carriers (up to two carriers per band) and one uplink carrier assigned to one E-UTRA band, the requirement is defined with the uplink active in each band other than that supporting the downlink(s) under test. The uplink configuration shall be in accordance with Table 7.3.1A-3 when the uplink is active in the band supporting two component carriers and in accordance with Table 7.3.1-2 when the uplink is active in the band(s) supporting one carrier per band. For these uplink configurations, the UE shall meet the adjacent channel selectivity requirements for intra-band non-contiguous carrier aggregation of two downlink carriers with RIBNC = 0 dB for all sub-block gaps (Table 7.3.1A-3) and for any remaining component carrier(s) the requirements specified in subclause 7.5.1. All downlink carriers shall be active throughout the tests.
3.4 Out-of band blocking
The changes for out-of-blocking are similar to the ACS requirements, the uplink configuration is the same:
7.6.2.1A
Minimum requirements for CA

< the case of one carrier per band (CA_XA-YA-ZA-OA) is covered by the existing text, simply increase “X” in Table 7.6.2.1A-0 >
For inter-band carrier aggregation with one component carrier per operating band and the uplink assigned to one E-UTRA band, the out-of-band blocking requirements are defined with the uplink active on the band(s) 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 all 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 out-of-band blocking requirements specified above shall be met with the transmitter power for the uplink set to 7 dB below PCMAX_L,c  for each serving cell c.
For E-UTRA CA configurations including an operating band without uplink band (as noted in Table 5.5-1), the requirements for all downlinks shall be met with the uplink active in the band(s) 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

	Pwanted
	dBm
	Table 7.6.2.1-1 for all component carriers

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

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

or

15 < f – FDL_High(j) < 60


	-85 < f – FDL_Low(j) ≤ -60

or

60 ≤ f – FDL_High(j) < 85


	1 ≤ f ≤ FDL_Low(1) – 85

or

FDL_High(j) + 85 ≤ f

≤ FDL_Low(j+1) – 85

or 

FDL_High(X) + 85 ≤ f

≤ 12750

	NOTE 1:
FDL_Low(j) and FDL_High(j) denote the respective lower and upper frequency limits of the operating band containing carrier j, j = 1,…,X, with carriers numbered in increasing order of carrier frequency and X the number of component carriers in the band combination (X ≤ 4 for the present version of this specification).

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

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

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 Table 7.6.2.1A-0 in frequency ranges 1, 2 and 3, up to TBD exceptions per downlink are allowed for spurious response frequencies for two active uplinks when measured using a step size of 1 MHz. For these exceptions the requirements in clause 7.7.1A apply.
For intra-band contiguous carrier aggreagations 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 7.6.2.1A-1 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 in presence of an interfering signal specified in Tables 7.6.2.1A-1 and Tables 7.6.2.1A-2 being on either side of the aggregated signal. 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 7.6.2.1A-1 and 7.6.2.1A-2. 

For Table 7.6.2.1A-2 in frequency range 1, 2 and 3, up to 
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exceptions are allowed for spurious response frequencies in each assigned frequency channel when measured using a 1MHz step size. For these exceptions the requirements of subclause 7.7 Spurious response are applicable. 

Table 7.6.2.1A-1: Out-of-band blocking parameters

	Rx Parameter
	Units 
	CA Bandwidth Class

	
	
	B
	C
	D
	E
	F

	Pw in Transmission Bandwidth Configuration, per CC 
	dBm
	REFSENS + CA Bandwidth Class specific value below

	
	
	9
	9
	9
	
	

	NOTE 1:
The transmitter shall be set to 4dB below PCMAX_L,c or PCMAX_L as defined in subclause 6.2.5A.
NOTE 2:
Reference measurement channel is specified in Annex A.3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.


Table 7.6.2.1A-2: Out of band blocking

	CA configuration
	Parameter
	Units 
	Frequency 

	
	
	
	Range 1
	Range 2
	Range 3

	
	PInterferer
	dBm
	-44
	-30
	-15

	CA_1C, CA_2C, CA_3C, CA_7C , CA_12B, CA_23B, CA_27B, CA_38C, CA_40C, CA_41C, CA_40D, CA_42C
	FInterferer (CW)


	MHz


	FDL_low -15 to

FDL_low -60 
	FDL_low -60 to

FDL_low -85 
	FDL_low -85 to 

1 MHz

	
	
	
	FDL_high +15 to

FDL_high + 60 
	FDL_high +60 to

FDL_high +85 
	FDL_high +85 to

+12750 MHz


For intra-band non-contiguous carrier aggregation with one uplink carrier and two downlink sub-blocks, the out-of-band blocking 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 for each sub-block as specified in subclauses 7.6.2.1 and 7.6.2.1A for a single component carrier and intra-band contiguous component carriers per sub-block, respectely. The requirements apply with all downlink carriers active.
For Table 7.6.2.1-2 in frequency range 1, 2 and 3, up to 
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exceptions per assigned E-UTRA channel per sub-block of the E-UTRA CA configuration are allowed for spurious response frequencies when measured using a 1MHz step size. For these exceptions the requirements of subclause 7.7 spurious response are applicable.

For Table 7.6.2.1-2 in frequency range 4, up to 
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exceptions per assigned E-UTRA channel per sub-block of the E-UTRA CA configuration are allowed for spurious response frequencies when measured using a 1MHz step size. For these exceptions the requirements of clause 7.7 spurious response are applicable.

For intra-band non-contiguous carrier aggregation with two uplink carriers and two downlink carriers, the out-of-band blocking requirements are defined with the uplink configuration of the PCC and SCC being in accordance with Table 7.3.1A-4 and powers of both carriers set to PCMAX_L,c – 7 dBm. The UE shall meet the requirements specified in subclause 7.6.2.1 for each component carrier while both downlink carriers are active.
For Table 7.6.2.1-2 in frequency range 1, 2 and 3, up to TBD exceptions per assigned E-UTRA channel per sub-block of the E-UTRA CA configuration are allowed for spurious response frequencies when measured using a 1MHz step size. For these exceptions the requirements of subclause 7.7 spurious response are applicable.

For Table 7.6.2.1-2 in frequency range 4, up to TBD exceptions per assigned E-UTRA channel per sub-block of the E-UTRA CA configuration are allowed for spurious response frequencies when measured using a 1MHz step size. For these exceptions the requirements of clause 7.7 spurious response are applicable.

< the following would cover combinations of intra-band contiguous and inter-band combinations with up to four carriers: CA_XC-YA, CA_XC-YA-ZA and CA_XC-YC >
For combinations of intra-band contiguous and inter-band carrier aggregation with up to four downlink carriers and the uplink assigned to one E-UTRA band, the requirement is defined with the uplink active in each band other than that supporting the downlink(s) under test and a configuration in accordance with Table 7.3.1-2. The downlink PCC carrier center frequency shall be configured closer to the uplink operating band than the downlink SCC center frequency when the uplink is active in the band(s) supporting contiguous aggregation of up to three component carriers. For each downlink the UE shall meet the out-of-band blocking requirements applicable for inter-band carrier aggregation with one component carrier per operating band. All downlink carriers shall be active throughout the tests.

< the following would cover combinations of intra-band non-contiguous and inter-band combinations with up to four carriers: CA_XA-XA-YA, CA_ XA-XA-YA-YA and CA_ XA-XA-YA-ZA >
For combinations of intra-band non-contiguous and inter-band carrier aggregation with up to four downlink carriers (up to two carriers per band) and the uplink assigned to one E-UTRA band, the requirement is defined with the uplink active in each band other than that supporting the downlink(s) under test. The uplink configuration shall be in accordance with Table 7.3.1A-3 when the uplink is active in the band supporting two component carriers and in accordance with Table 7.3.1-2 when the uplink is active in the band(s) supporting one carrier per band. For the two component carriers within the same band, Pwanted in Table 7.6.2.1A-0 is set using RIBNC = 0 dB for all sub-block gaps (Table 7.3.1A-3). For each downlink the UE shall meet the out-of-band blocking requirements applicable for inter-band carrier aggregation with one component carrier per operating band. All downlink carriers shall be active throughout the tests.
3.5 The rest of the tests
The remaining blocking and inter-modulation test cases can be specified in the same way.
4 Transmitter requirements

The specification of transmitter requirements TIB,c for 3DL/1UL has been debated at length, the main issue being the derivation of requirements for more complex band combination based on those of its fallback modes. Nevertheless, the agreed combinations CA_2C-5A-30A, CA_2C-12A-30A, CA_2C-29A-30A, CA_2A-4A-12A-30A, CA_2A-4A-29A-30A, CA_2A-5A-12A-30A and CA_25A-41D could be specified using the existing way-forward for deriving the requirements with a small amendment. Two of the agreed 4DL configurations, include a combination of three high bands; Band 2, Band 4 and Band 30. Fortunately, the derivation of theTIB,c (and RIB,c) for the fall back modes Band (2 + 30) and Band (4 + 30) were derived based on the insertion loss of a Band (2 + 4 + 30) hexplexer for it was assumed that Band (2 + 4) must be supported in addition, see [1] for the relevant combinations with Band 30. Hence the relaxations for Band (2 + 4 + 30) can be inferred from those for Band (2 + 30) and Band (4 + 30). An amendment would be needed for the CA_2A-5A-12A-30A combination for which the relaxations for Band 5 and Band 12 would smaller than those allowed for support of the fallback CA_5A-12A due to the averaging of requirements for all its 2DL fallback modes. Using the maximum value as given by the multiplexer for the Band (5 + 12) combination would be more reasonable from a technical standpoint. 
Following the way-forward for deriving transmitter and receiver relaxations, the resultingTIB,c and RIB,c for the above combinations can be found in Annex A below. Exceptions for harmonics are needed for some combinations but are readily specified. 
5 Conclusion
In this contribution we discuss the necessary changes to the receiver test configurations that cover the agreed combinations CA_2C-5A-30A, CA_2C-12A-30A, CA_2C-29A-30A, CA_2A-4A-12A-30A, CA_2A-4A-29A-30A, CA_2A-5A-12A-30A and CA_25A-41D as well as other combinations of intra-band and inter-band CA. We also propose tentative specification changes to 36.101 including the relaxationsTIB,c and RIB,c. It turns out that the specification of the agreed inter-band combinations can be straightforward and be based on the existing way forward for deriving the transmitter and receiver relaxations.
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A   Transmitter and receiver relaxations for agreed 4DL combinations

A.1    TIB,c 
The transmitter relaxations for the agreed 4DL configurations agreed are shown below. The requirements are derived according to the way-forward [1] for the 3DL configurations. For CA_2A-5A-12A-30A the requirements are put in between square brackets for Band 5 and Band 12 (see Section 5).
Table 6.2.5-2: ΔTIB,c (two bands)

	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_2A-4A
	2
	0.5

	
	4
	0.5

	CA_2A-4A-4A
	2
	0.5

	
	4
	0.5

	CA_2A-5A
	2
	0.3

	
	5
	0.3

	CA_2C-5A
	2
	0.3

	
	5
	0.3

	CA_2A-2A-5A
	2
	0.3

	
	5
	0.3

	CA_2A-12A
	2
	0.3

	
	12
	0.3

	CA_2A-12B
	2
	0.3

	
	12
	0.3

	CA_2C-12A
	2
	0.3

	
	12
	0.3

	CA_2A-29A
	2
	0.3

	CA_2C-29A
	2
	0.3

	CA_2A-30A
	2
	0.5

	
	30
	0.3

	CA_2C-30A
	2
	0.5

	
	30
	0.3

	CA_4A-5A
	4
	0.3

	
	5
	0.3

	CA_4A-4A-5A
	4
	0.3

	
	5
	0.3

	CA_4A-12A
	4
	0.3

	
	12
	0.8

	CA_4A-4A-12A
	4
	0.3

	
	12
	0.8

	CA_4A-12B
	4
	0.3

	
	12
	0.8

	CA_4A-29A
	4
	0.3

	CA_4A-30A
	4
	0.5

	
	30
	0.3

	CA_5A-12A
	5
	0.8

	
	12
	0.4

	CA_5A-30A
	5
	0.3

	
	30
	0.3

	CA_12A-30A
	12
	0.3

	
	30
	0.3

	CA_25A-41A
	25
	0.5

	
	41
	0.5

	CA_25A-41C
	25
	0.5

	
	41
	0.5

	CA_25A-41D
	25
	0.5

	
	41
	0.5

	NOTE 1:
[…]


Table 6.2.5-3: ΔTIB,c (three bands)

	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_2A-4A-5A
	2
	0.5

	
	4
	0.5

	
	5
	0.3

	CA_2A-4A-12A
	2
	0.5

	
	4
	0.5

	
	12
	0.8

	CA_2A-4A-29A
	2
	[0.5]

	
	4
	0.5

	CA_2A-4A-30A
	2
	0.5

	
	4
	0.5

	
	30
	0.3

	CA_2A-5A-12A
	2
	0.3

	
	5
	0.8

	
	12
	0.4

	CA_2A-5A-30A
	2
	0.5

	
	5
	0.3

	
	30
	0.3

	CA_2C-5A-30A
	2
	0.5

	
	5
	0.3

	
	30
	0.3

	CA_2A-12A-30A
	2
	0.5

	
	12
	0.3

	
	30
	0.3

	CA_2C-12A-30A
	2
	0.5

	
	12
	0.3

	
	30
	0.3

	CA_2A-29A-30A
	2
	0.5

	
	30
	0.3

	CA_2C-29A-30A
	2
	0.5

	
	30
	0.3

	CA_4A-5A-12A
	4
	0.3

	
	5
	0.8

	
	12
	0.8

	CA_4A-5A-30A
	4
	0.5

	
	5
	0.3

	
	30
	0.3

	CA_4A-12A-30A
	4
	0.5

	
	12
	0.8

	
	30
	0.3

	CA_4A-29A-30A
	4
	0.5

	
	30
	0.3

	NOTE 1:
[…]


A new table should be created for four bands.

Table 6.2.5-4: ΔTIB,c (four bands)

	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_2A-4A-12A-30A
	2
	0.5

	
	4
	0.5

	
	12
	0.8

	
	30
	0.3

	CA_2A-4A-29A-30A
	2
	0.5

	
	4
	0.5

	
	30
	0.3

	CA_2A-5A-12A-30A
	2
	0.5

	
	5
	[0.4] (max 0.8)

	
	12
	[0.3] (max 0.4)

	
	30
	0.3

	NOTE 1:
[…] 


A.2    RIB,c 
The receiver relaxations for the agreed 4DL configurations agreed are shown below. The requirements are derived according to the way-forward [1] for the 3DL configurations. For CA_2A-5A-12A-30A the requirements are put in between square brackets for Band 5 and Band 12 (see Section 5).
Table 7.3.1-1A: ΔRIB,c (two bands)

	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c [dB]

	CA_2A-4A
	2
	0.3

	
	4
	0.3

	CA_2A-4A-4A
	2
	0.3

	
	4
	0.3

	CA_2A-5A
	2
	0

	
	5
	0

	CA_2C-5A
	2
	0

	
	5
	0

	CA_2A-2A-5A
	2
	0

	
	5
	0

	CA_2A-12A
	2
	0

	
	12
	0

	CA_2A-12B
	2
	0

	
	12
	0

	CA_2C-12A
	2
	0

	
	12
	0

	CA_2A-30A
	2
	0.4

	
	30
	0.5

	CA_2C-30A
	2
	0

	
	12
	0

	CA_4A-5A
	4
	0

	
	5
	0

	CA_4A-4A-5A
	4
	0

	
	5
	0

	CA_4A-12A
	4
	0

	
	12
	0.5

	CA_4A-12B
	4
	0

	
	12
	0.5

	CA_4A-4A-12A
	4
	0

	
	12
	0.5

	CA_4A-30A
	4
	0.4

	
	30
	0.5

	CA_5A-12A
	5
	0.5

	
	12
	0.3

	CA_5A-30A
	5
	0

	
	30
	0

	CA_12A-30A
	12
	0

	
	30
	0

	CA_25A-41A
	25
	0

	
	41
	0

	CA_25A-41C
	25
	0

	
	41
	0

	CA_25A-41D
	25
	0

	
	41
	0

	NOTE 1:
[… ]


Table 7.3.1-1B: ΔRIB,c (three bands)

	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c [dB]

	CA_2A-4A-5A
	2
	0.3

	
	4
	0.3

	
	5
	0

	CA_2A-4A-12A
	2
	0.3

	
	4
	0.3

	
	12
	0.5

	CA_2A-4A-30A
	2
	0.4

	
	4
	0.4

	
	30
	0.5

	CA_2A-5A-12A
	2
	0

	
	5
	0.5

	
	12
	0.3

	CA_2A-5A-30A
	2
	0.4

	
	5
	0

	
	30
	0.5

	CA_2C-5A-30A
	2
	0.4

	
	5
	0

	
	30
	0.5

	CA_2A-12A-30A
	2
	0.4

	
	12
	0

	
	30
	0.5

	CA_2C-12A-30A
	2
	0.4

	
	12
	0

	
	30
	0.5

	CA_4A-5A-12A
	4
	0

	
	5
	0.5

	
	12
	0.5

	CA_4A-5A-30A
	4
	0.4

	
	5
	0

	
	30
	0.5

	CA_4A-12A-30A
	4
	0.4

	
	12
	0.5

	
	30
	0.5

	NOTE 1:
The above additional tolerances are only applicable for the E-UTRA operating bands that belong to the supported inter-band carrier aggregation configurations.

NOTE 2:
The above additional tolerances also apply in intra-band and non-aggregated operation for the supported E-UTRA operating bands that belong to the supported inter-band carrier aggregation configurations.

NOTE 3: 
Tolerances for a UE supporting multiple 3DL inter-band CA configurations are FFS.

NOTE 4: 
The above additional tolerances applicable for the E-UTRA operating bands that belong to the supported highest order inter-band carrier aggregation configuration, also applies  to the same E-UTRA operating bands that belong to a supported lower order CA configuration.


A new table should be created for four bands.

Table 7.3.1-1C: ΔRIB,c (four bands)

	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_2A-4A-12A-30A
	2
	0.4

	
	4
	0.4

	
	12
	0.5

	
	30
	0.5  

	CA_2A-5A-12A-30A
	2
	0.4

	
	5
	[0.2] (max 0.5)

	
	12
	[0.1] (max 0.3)

	
	30
	0.5

	NOTE 1:
[…] 


For the CA_2A-4A-12A-30A, exceptions to the REFSENS requirements are allowed when the uplink is active in Band 12. 
Table 7.3.1A-0a: Reference sensitivity for carrier aggregation QPSK PREFSENS, CA (exceptions)

	Channel bandwidth

	EUTRA CA Configuration
	EUTRA band
	1.4 MHz
(dBm)
	3 MHz
(dBm)
	5 MHz
(dBm)
	10 MHz
(dBm)
	15 MHz
(dBm)
	20 MHz
(dBm)
	Duplex mode

	CA_4A-12A5,6
	4
	-89.2
	-89.2
	-90
	-89.5
	-89
	-88.5
	FDD

	
	12
	
	
	-96.5
	-93.5
	
	
	

	CA_2A-4A-12A5,6
	2
	
	
	-97.7 
	-94.7
	-92.9
	-91.7
	FDD

	
	4
	
	
	-90
	-89.5
	-89
	-88.5
	

	
	12
	
	
	-96.5
	-93.5
	
	
	

	CA_2A-4A-12A-30A5,6
	2
	
	
	-97.7 
	-94.7
	-92.9
	-91.7
	FDD

	
	4
	
	
	-90
	-89.5
	-89
	-88.5
	

	
	12
	
	
	-96.5
	-93.5
	
	
	

	
	30
	
	
	-99
	-96
	
	
	

	CA_4A-4A-12A5,6
	4
	
	
	-90
	-89.5
	-89
	-88.5
	FDD

	
	12
	
	
	-96.5
	-93.5
	
	
	

	CA_4A-5A-12A5,6
	4
	
	
	-90
	-89.5
	-89
	-88.5
	FDD

	
	5
	
	
	-97.5
	-94.5
	
	
	

	
	12
	
	
	-96.5
	-93.5
	
	
	

	CA_4A-12B5,6
	4
	
	
	-90
	-89.5
	-89
	-88.5
	FDD

	
	12
	
	
	-96.5
	-93.5
	
	
	

	CA_26A-41A8
	26
	
	
	N/A
	N/A
	N/A
	
	FDD

	
	41
	
	
	N/A
	N/A
	N/A
	N/A
	TDD

	NOTE 1:
The transmitter shall be set to PUMAX as defined in subclause 6.2.5A.
NOTE 2:
Reference measurement channel is A.3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1

NOTE 3:
The signal power is specified per port

NOTE 4:
No requirements apply when there is at least one individual RE within the uplink transmission bandwidth of the low band for which the 2nd transmitter harmonic is within the downlink transmission bandwidth of the high band. The reference sensitivity is only verified when this is not the case (the requirements specified in clause 7.3.1 apply).

NOTE 5:
These requirements apply when there is at least one individual RE within the uplink transmission bandwidth of a low band for which the 3rd transmitter harmonic is within the downlink transmission bandwidth of a high band.  

NOTE 6:
The requirements should be verified for UL EARFCN of a low band (superscript LB) such that 
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NOTE 7:
Void.
NOTE 8:
No requirements apply when there is at least one individual RE within the uplink transmission bandwidth of the low band for which the 3rd transmitter harmonic is within the downlink transmission bandwidth of the high band. The reference sensitivity is only verified when this is not the case (the requirements specified in clause 7.3.1 apply).


Table 7.3.1A-0b: Uplink configuration for the low band (exceptions)
	E-UTRA Band / Channel bandwidth of the high band / NRB / Duplex mode

	EUTRA CA Configuration
	UL band
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	Duplex mode

	CA_4A-12A
	12
	2
	5
	8
	16
	20
	20
	FDD

	CA_2A-4A-12A
	12
	
	
	8
	16
	20
	20
	FDD

	CA_2A-4A-12A-30A
	12
	
	
	8
	16
	20
	20
	FDD

	CA_4A-4A-12A
	12
	
	
	8
	16
	20
	20
	FDD

	CA_4A-5A-12A
	12
	
	
	8
	16
	20
	20
	FDD

	CA_4A-12B
	12
	
	
	8
	16
	20
	20
	FDD

	NOTE 1:
refers to the UL resource blocks, which shall be centred within the transmission bandwidth configuration for the channel bandwidth.

NOTE 2:
the UL configuration applies regardless of the channel bandwidth of the low band unless the UL resource blocks exceed that specified in Table 7.3.1-2 for the uplink bandwidth in which case the allocation according to Table 7.3.1-2 applies.


The band combinations including Band 29 are specified in separate tables since Band 29 cannot be used as a standalone bands (receiver requirements only relevant for CA).
Table 7.3.1A-0d: Reference sensitivity QPSK PREFSENS
	Channel bandwidth

	EUTRA CA Configuration
	EUTRA band
	1.4 MHz

(dBm)
	3 MHz

(dBm)
	5 MHz

(dBm)
	10 MHz

(dBm)
	15 MHz

(dBm)
	20 MHz

(dBm)
	Duplex mode

	CA_2A-29A
	2
	
	
	-98
	-95
	-93.2
	-92
	FDD

	
	29
	
	-98.7
	 -97
	-94 
	
	
	

	CA_2C-29A
	2
	
	
	-98
	-95
	-93.2
	-92
	FDD

	
	29
	
	-98.7
	 -97
	-94 
	
	
	

	CA_2C-29A-30A
	2
	
	
	-98
	-95
	-93.2
	-92
	FDD

	
	29
	
	
	 -97
	-94 
	
	
	

	
	30
	
	
	-99
	-96
	
	
	

	CA_4A-29A
	4
	
	
	-100
	-97
	-95.2
	-94
	FDD

	
	29
	
	-98.7
	 -97
	-94 
	
	
	

	CA_29A-30A
	29
	
	
	-97
	-94
	
	
	FDD

	
	30
	
	
	-99
	-96
	
	
	

	CA_2A-4A-29A
	2
	
	
	-97.7
	-94.7
	-92.9
	-91.7
	FDD

	
	4
	
	
	-99.7
	-96.7
	-94.9
	-93.7
	

	
	29
	
	
	-97
	-94
	
	
	

	CA_2A-29A-30A
	2
	
	
	-97.6
	-94.6
	-92.8
	-91.6
	FDD

	
	29
	
	
	-97
	-94
	
	
	

	
	30
	
	
	-98.5
	-95.5
	
	
	

	CA_4A-29A-30A
	4
	
	
	-99.6
	-96.6
	-94.8
	-93.6
	FDD

	
	29
	
	
	-97
	-94
	
	
	

	
	30
	
	
	-98.5
	-95.5
	
	
	

	CA_2A-4A-29A-30A
	2
	
	
	-97.6
	-94.6
	-92.8
	-91.6
	FDD

	
	4
	
	
	-99.6
	-96.6
	-94.8
	-93.6
	

	
	29
	
	
	-97
	-94
	
	
	

	
	30
	
	
	-98.5
	-95.5
	
	
	

	NOTE 1:
The transmitter shall be set to PUMAX as defined in subclause 6.2.5A.

NOTE 2:
Reference measurement channel is A.3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1

NOTE 3:
The signal power is specified per port


Table 7.3.1A-0e: Uplink configuration for reference sensitivity

	E-UTRA Band / Channel bandwidth / NRB / Duplex mode

	EUTRA CA Configuration
	EUTRA band
	1.4 MHz

(dBm)
	3 MHz

(dBm)
	5 MHz

(dBm)
	10 MHz

(dBm)
	15 MHz

(dBm)
	20 MHz

(dBm)
	Duplex mode

	CA_2A-29A
	2
	
	
	25
	50
	501
	501
	FDD

	
	29
	
	N/A
	N/A
	N/A
	
	
	

	CA_2C-29A
	2
	
	
	25
	50
	501
	501
	FDD

	
	29
	
	N/A
	N/A
	N/A
	
	
	

	CA_2C-29A-30A
	2
	
	
	25
	50
	501
	501
	FDD

	
	29
	
	N/A
	N/A
	N/A
	
	
	

	
	30
	
	
	25
	251
	
	
	

	CA_4A-29A
	4
	
	
	25
	50
	75
	100
	FDD

	
	29
	
	N/A
	N/A
	N/A
	
	
	

	CA_29A-30A
	29
	
	
	N/A
	N/A
	
	
	FDD

	
	30
	
	
	25
	25
	
	
	

	CA_2A-4A-29A
	2
	
	
	25
	50
	501
	501
	FDD

	
	4
	
	
	25
	50
	75
	100
	

	
	29
	
	
	N/A
	N/A
	
	
	

	CA_2A-29A-30A
	2
	
	
	25
	50
	50
	50
	FDD

	
	29
	
	
	N/A
	N/A
	
	
	

	
	30
	
	
	25
	25
	
	
	

	CA_4A-29A-30A
	4
	
	
	25
	50
	75
	100
	FDD

	
	29
	
	
	N/A
	N/A
	
	
	

	
	30
	
	
	25
	25
	
	
	

	CA_2A-4A-29A-30A
	2
	
	
	25
	50
	50
	50
	FDD

	
	4
	
	
	25
	50
	75
	100
	

	
	29
	
	
	N/A
	N/A
	
	
	

	
	30
	
	
	25
	25
	
	
	

	NOTE 1:
1 refers to the UL resource blocks shall be located as close as possible to the downlink operating band but confined within the transmission bandwidth configuration for the channel bandwidth (Table 5.6-1).

NOTE 2:
2 refers to Band 20; in the case of 15MHz channel bandwidth, the UL resource blocks shall be located at RBstart 11 and in the case of 20MHz channel bandwidth, the UL resource blocks shall be located at RBstart 16


