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1
Introduction
This contribution contains a text proposal on the test configuration and RF RX requirements for 3DL CA FDD for all types of combinations; a complete revision of the earlier text proposal [1] but reusing the same principles. An outline of the specification changes for the RF RX requirements in 36.101 can be found in the companion paper [2].
2
Background

First a brief background to the text proposal below.
2.1
UL configuration for verifying 3DL receiver requirements
For combinations with one carrier per operating band (e.g. CA_2A-12A-30A), the requirements for 3DL can be derived by extending the requirements for 2DL inter-band CA. The requirements apply per carrier and should be verified by allocating the uplink 
· in any one of the three bands (for reference sensitivity);
· in any band not containing the measured carrier (for all other requirements).

Amendments are needed for the combinations of intra-band non-contiguous and inter-band CA of three DL, e.g. CA_2A-2A-13A. The requirements apply per carrier and should be verified by allocating the uplink 

· in any of the two bands, and according to the UL configuration for intra-band NC CA when the UL is assigned in the band supporting two carriers (for reference sensitivity);
· in the band not containing the measured carrier, and according to the UL configuration for intra-band NC CA when the UL is assigned in the band supporting two carriers (for all other requirements).
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Figure 2.1: UL configurations for verifying 3DL RF RX requirements.
The principle is illustrated in Figure 2.1: for combinations of intra-band NC and inter-band CA (lower), the reference sensitivity requirements for FDL3 is verified with either FUL3 or FUL1 active, whereas the remaining requirements for  FDL3 is verified with FUL1 active (hence any relaxation RIBNC is not applied for the wanted signal level of FDL2). FUL2 is not used for verification of the 3DL requirements. For combinations with one component carrier per band (upper), all requirements for the carrier FDL3 except that for reference sensitivity are verified with either FUL1 or FUL2 active.
It is recognised that the number of possible DL-UL configurations will increase substantially for 3DL aggregation compared to the 2DL counterpart for which two configurations is specified: one for each uplink band. Despite the large number of possible DL-UL configurations for 3DL aggregation, requirements should still be specified for all DL-UL configurations in order to make the test coverage complete, whereas for the conformance test specification, a subset of these configurations could be chosen for the verification in order to reduce the test time.

2.2
The out-of-band blocking requirements
Many of test configurations (for the UL) or even some test cases for 3DL could possibly be omitted in the conformance test specification given the number of permutations; one then has to rely on the conformance tests for 2DL for the fall-back modes that are also tested. However, at least the out-of-band blocking performance should be verified for conformance with all three component carriers active (all receiver chains operating). 
The test time for out-of-band blocking is significant, and methods for reducing the test time should be considered (not included in the text proposal below). 
3
Proposal

We propose to include the text below into the latest version of TR 36.853.
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UE specific 
5.2.1
RF transmitter characteristics

< text to be added >
5.2.2
RF receiver characteristics

5.2.2.1
 UL configuration for verifying RF receiver characteristics
In what follows we describe the test configuration for verifying RF receiver requirements for inter-band CA and combinations of inter-band and intra-band CA for 3DL FDD. The description is general, but with some specific CA configurations used as examples.
The number of possible DL-UL configurations will increase substantially for 3DL aggregation compared to the 2DL counterpart for which two configurations is specified: one for each uplink band. Despite the large number of possible DL-UL configurations for 3DL aggregation, requirements should still be specified for all DL-UL configurations in order to make the test coverage complete, whereas for the conformance test specification, a subset of these configurations could be chosen for the verification in order to reduce the test time.
Starting with band combinations with one DL carrier per operating band, e.g. CA_4A-12A-30A, it is straightforward to specify the requirements relying on the test configuration for 2DL inter-band combinations. For the latter, the reference sensitivity is essentially verified in the following way:

1. pick one of the carriers as the “measurement carrier” but keep the carrier in the other downlink band active;
2. assign the uplink in any one of the two uplink bands;
3. make the measurement. 

Then this is repeated with the roles of the two DL carriers/bands interchanged. The selectivity and blocking requirements for 2DL combinations are verified in the following way: 
1. pick one of the carriers as the “measurement carrier” but keep the carrier in the other downlink band active;
2. assign the uplink in the other band not supporting the measured carrier;
3. make the measurement with the interferers assigned relative to the measured carrier.

Thus the verification of the requirement is “per carrier”. The selectivity and blocking tests does not include the effect of the UL in the band supporting the measured DL, but rather effects of e.g. cross-modulation arising from the UL in the other band not captured in the corresponding tests for non-CA operation.
This could be extended for 3DL combinations of different bands with one DL carrier per operating band such as the configuration CA_4A-12A-30A:

a) pick one of the carriers as the “measurement carrier” but keep the carriers in the other downlink bands active;

b) assign the uplink in any one of the three uplink bands (reference sensitivity) or assign the uplink in one of the other bands not supporting the measured carrier (blocking and selectivity);

c) make the measurement; for the selectivity and blocking tests, the interferers are assigned relative to the measured carrier.

Then repeat for all three DL carriers and the applicable uplink configurations. 
The downside is that the number of measurements would be large and the test time considerable. For 2DL aggregation, there are two possible measurements: one for each DL carrier with the UL in the other band. For 3DL aggregation, there are six possible measurements for each blocking and selectivity test case: for each measured DL carrier the UL can be assigned to anyone of the other two operating bands – nine measurements for reference sensitivity.  Nevertheless, the core requirements in 36.101 should cover all cases; the procedure a-c) would be viable for this purpose, but the measurements need to be limited for the conformance tests in 36.521-1. 
Turning next to combinations of non-contiguous intra-band and inter-band CA such as CA_2A-2A-13A, the following modification of a-c) for blocking and selectivity based on the test approaches for the 2DL intra-band non-contiguous and inter-band cases:

d) pick one of the carriers as the “measurement carrier”, keep all other downlink carriers active;
e) assign the uplink in the band not supporting the measured carrier: if the measurement carrier is within the band containing two carriers (Band 2), assign the uplink in the band not supporting the single carrier (Band 13) with UL configuration according to the non-CA case, whereas if the measurement carrier is within the band supporting one carrier, assign the uplink in accordance with the test configuration for the corresponding intra-band REFSENS test for 2DL non-contiguous aggregation (CA_2A-2A);
f) make the measurement with the interferer(s) assigned relative to the measured carrier.

Hence the selectivity and blocking tests does not include the effect of the UL in the band supporting the measured DL(s) just as for the 2DL inter-band tests. 
For the reference sensitivity test, the UL should be assigned in any one of the two bands, but always with the configuration according to the corresponding test for 2DL non-contiguous aggregation when the UL is active in this band. Again, the number of measurements would be large and the test time considerable, but all six cases (still two possible UL configurations for each measured DL carrier) should nevertheless be covered by the core requirements. 
The UL configuration for the two cases above is displayed in Figure 5.2.2-1. In the case of one DL per band, the UL is assigned at FUL1 or FUL2 for measurements on FDL3 for blocking and selectivity tests, whereas any one of the three UL frequencies is used for the reference sensitivity. In the mixed case in the lower part of Figure 5.2.2-1, the UL is assigned at FUL1 for measurements on FDL2 and FDL3 for the blocking and selectivity tests, whereas either FUL1 or FUL3 is used for the reference sensitivity test (FUL2 is never used).
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Figure 5.2.2-1: UL configuration for 3DL receiver tests
Hence the tests configuration for 3DL is consistent with that for the 2DL fall-back modes. For the intermodulation tests, the same procedure for blocking and selectivity is used.
5.2.2.2
Requirements for reference sensitivity

Starting with band combinations with one DL carrier per operating band, the reference sensitivity for 2DL inter-band CA can be extended to 3DL using the procedure a-c) in 5.2.2.1; the requirements for inter-band CA with one component carrier per band would read as follows; changes of the Rel-11 version of 36.101 shown in italics:
7.3.1A

Minimum requirements (QPSK) for CA

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 any one of the uplink carriers active. The UE shall meet the requirements specified in subclause 7.3.1 with the following exceptions.

The non-CA requirements apply per component carrier (two or three in the Rel-12 version of 36.101). 
For 3DL combinations with harmonics problems between any two (or three) bands of a configuration, exceptions are allowed whenever any transmitter harmonics uplink transmission in a “lower” band falls into a higher band. Picking CA_4A-12A-30A as an example, the exceptions to B4 requirements would be allowed when the uplink is assigned in B12 just as for the 2DL fall-back mode CA_4A-12A that is of Class A2. (The other fall-back modes CA_12A_30A and CA_4A_30A are of Class A1 and Class A3, respectively.) However, the exceptions for B4 allowed for CA_4A-12A-30A may not be the same as those allowed for CA_4A-12A due to different front-end arrangements: a B4-B30 multiplexer is needed for the former. The changes of the 36.101 could look as follows (changes in italics), using the existing table for A2 combinations specified in Rel-11:
For the UE that supports any of the E-UTRA CA configurations given in Table 7.3.1A-0a, exceptions 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, Table 7.3.1A-0b and Table 7.3.1A-0c.

Table 7.3.1A-0a: Reference sensitivity for carrier aggregation QPSK PREFSENS, CA
	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_3A-8A4
	3
	
	
	
	N/A
	N/A
	N/A
	FDD

	
	8
	
	
	N/A
	N/A
	
	
	

	CA_4A-12A5
	4
	[-89.2]
	[-89.2]
	[-90]
	[-89.5]
	
	
	FDD

	
	12
	
	
	-96.5
	-93.5
	
	
	

	CA_4A-17A5
	4
	
	
	[-90]
	[-89.5]
	
	
	FDD

	
	17
	
	
	-96.5
	-93.5
	
	
	

	CA_4A_12A_30A5
	4
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	FDD

	
	12
	
	
	[-96.5]
	[-93.5]
	
	
	

	
	30
	
	
	TBD
	TBD
	
	
	

	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 transmission bandwidth of the low band for which the 2nd harmonic is within the 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 harmonic is within the downlink transmission bandwidth of a higher band. The requirements should be verified for UL EARFCN of the low band (superscript LB) such that [image: image3.wmf]ë
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The uplink configuration for cases in which exceptions are allowed can also be specified in the existing table for Class A2 combinations:
Table 7.3.1A-0b: Uplink configuration for the low band

	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
	
	
	FDD

	CA_4A-17A
	17
	
	
	8
	16
	
	
	FDD

	CA_4A_12A_30A
	12
	2
	5
	8
	16
	[25]
	[32]
	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.


For combinations of non-contiguous intra-band and inter-band aggregation such as CA_2A-2A-13A, the reference sensitivity requirements should build on the requirements for the fall-back modes CA_2A-13A for and CA_2A-2A (to be specified in Rel-12), using the configuration in 5.2.2.1:
· for the component carrier in B13, the UE shall meet the requirement for B13 when the UL is allocated either in B2 according to the configuration in Table 7.3.1A-3 in 36.101 for intra-band NC CA or in B13;
· for the component carriers in B2, the UE shall meet the requirements for B2 intra-band NC CA when the UL is allocated in B2 according to the configuration in Table 7.3.1A-3 in 36.101, while the same requirement should be met but with RIBNC = 0 dB for all sub-block gaps when the UL is active in B13.
The carriers are measured in turn with the remaining component carriers active throughout the test. The RIBNC specified in Table 7.3.1A-3 for CA_2A-2A (to be specified) should also apply for CA_2A-2A-13A,
Table 7.3.1A-3: Intra-band non-contiguous CA uplink configuration for reference sensitivity

	CA configuration
	Aggregated channel bandwidth (PCC+SCC)
	Wgap / [MHz]
	UL PCC allocation
	ΔRIBNC (dB)
	Duplex mode

	CA_25A-25A
	25RB+25RB
	30.0 < Wgap ≤ 55.0
	101
	5.0
	FDD

	
	
	0.0 < Wgap ≤ 30.0
	251
	0.0
	

	
	25RB+50RB
	25.0 < Wgap ≤ 50.0
	101
	4.5
	

	
	
	0.0 < Wgap ≤ 25.0
	251
	0.0
	

	
	50RB+25RB
	15.0 < Wgap ≤ 50.0
	104
	5.5
	

	
	
	0.0 < Wgap ≤ 15.0
	321
	0.0
	

	
	50RB+50RB
	10.0 < Wgap ≤ 45.0
	104
	5.0
	

	
	
	0.0 < Wgap ≤ 10.0
	321
	0.0
	

	CA_2A-2A
	TBD
	TBD
	TBD
	TBD
	FDD

	[…]
	
	
	
	
	

	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.
NOTE 2:
Wgap is the sub-block gap between the two sub-blocks.

NOTE 3:
The carrier center frequency of PCC in the UL operating band is configured closer to the DL operating band.

NOTE 4:
4 refers to the UL resource blocks shall be located at RBstart=33.

[…]


but the reference sensitivity should be further modified by RIB,c  just as for UEs only supporting the CA_2A-2A and CA_2A-13A fall-back modes. Now, RIB,c = 0 dB for CA_2A-13A, but for a general case the reference sensitivity may have to be amended with RIB,c  > 0 dB or UEs supporting 3DL band combinations. 
Reference-sensitivity requirements for combinations of intra-band non-contiguous and intra-band CA could be added to 36.101 as follows, for example:
For combinations of intra-band non-contiguous and inter-band carrier aggregation with three downlink carriers and one uplink carrier assigned to one E-UTRA band, the requirement is defined with an uplink configuration in accordance with Table 7.3.1A-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 other band. 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 the remaining component carrier 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 the band supporting the single component carrier.
5.2.2.3
Requirements for blocking and selectivity

Even if all possible DL-UL combinations for blocking and selectivity are specified in the core specification, many of test configurations (for the UL) or even some test cases could possibly be omitted in the conformance test specification given the number of permutations. One could then rely on the conformance tests for 2DL. However, the out-of-band blocking should be verified for conformance with all component carriers active.
For band combinations with one DL carrier per operating band, the out-of-band blocking requirements for 2DL inter-band CA can be extended to 3DL using the procedure a-c) in 5.2.2.1. The requirements then apply per carrier with the blocker frequency offset relative to the measured carrier and the UL allocated in one of bands not containing the measured carrier. Table 7.6.2.1A-0 in 36.101 specifying the interferer power profile would have to be amended to cover three downlink carriers in different bands:
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
	-30
	-15

	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 = 2 or X = 3 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.


Hence the interferer is never overlapping neither the carriers that are not measured but active (nor the ranges where the in-band blocking requirements apply). 
For combinations of intra-band non-contiguous and inter-band CA, the same requirements could apply per carrier: e.g. for CA_2A-2A-13A the same interferer power profile as CA_2A-13A is used. However, for the carriers in B2, the wanted signal level is set using RIBNC = 0 dB for all sub-block gaps (Table 7.3.1A-3) since the uplink is active in the other band for the blocking tests (see 5.2.2.1).
For combinations of intra-band non-contiguous and inter-band carrier aggregation with three downlink carriers and the uplink assigned to one E-UTRA band, the requirement is defined with the uplink active in the 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 other 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. The three downlink carriers shall be active throughout the tests.

For 3DL CA configurations, the number of exceptions per downlink carrier could be the same as for 2DL CA configurations.
Turning to in-band blocking and combinations with one component carrier per band, the requirements for 2DL combinations could be extended to 3DL using the procedure a-c) in 5.2.2.1 (the UL in any band not containing the measured carrier):
7.6.1.1A
Minimum requirements for CA

For inter-band carrier aggregation with one component carrier per operating band and the uplink assigned to one E-UTRA band the in-band blocking 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 7.6.1.1 for each component carrier while all downlink carriers are active. For the UE which supports inter band CA configuration in Table 7.3.1A-2, PInterferer power defined in Table 7.6.1.1-2 is increased by the amount given by ΔRIB,c in Table 7.3.1A-2. 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 in the band(s) capable of UL operation […] 

For combinations of intra-band non-contiguous and inter-band CA, the in-band blocking requirements could be amended in the following way, for example:
For combinations of intra-band non-contiguous and inter-band carrier aggregation with three downlink carriers and one uplink carrier assigned to one E-UTRA band, the requirement is defined with the uplink active in the 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 other band. For these uplink configurations, the UE shall meet the in-band blocking 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 the remaining component carrier the requirements specified in subclause 7.6.1. The three downlink carriers shall be active throughout the tests.

Remark that the requirements for the two component carriers in the same band must be met with RIBNC = 0 dB for all sub-block gaps since the UL is active in the other band. 
Adjacent channel selectivity could be verified in the same way as for in-band blocking. 
5.2.2.4
Requirements for wideband intermodulation
The requirements for wideband intermodulation could be verified like for in-band blocking as described in 5.2.2.3.
5.2.2.5
Requirements for maximum input level
For combinations of intra-band non-contiguous and inter-band CA, the maximum input level could be specified in the following way using the principle a-c) in 5.2.2.1, e.g. for CA_2A-2A-13A:

· the UE shall meet the maximum input-level requirements applicable for intra-band non-contiguous carrier aggregation of two downlink carriers in B2 with the uplink active in B13: the sum of the mean carrier powers received at the UE antenna port should be -22 dBm while both B2 carriers have equal power; the B13 downlink is also active (but not necessarily at maximum input power);
· the UE shall meet the maximum input-level requirement for B13 (-25 dBm) with the uplink active in B2 (according to Table 7.3.1A-3); the B2 downlinks are also active (but not necessarily at maximum input power).

<end of text proposal>
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