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1 Background
WID(s) for downlink carrier aggregation of three downlink carriers has now been agreed by RAN#60 for FDD, and a draft WID for contiguous intra-band carrier aggregation of three downlinks for TDD has been provided for information [1]. 
In this contribution we will discuss the structure of the requirements for the combinations agreed at RAN#60, but start with the UE categories that could (effectively) support 3DL operation.
2 Bandwidth combinations and UE categories
We first look at the UE categories that could support 3DL operation in the sense that a higher maximum throughput can be achieved compared to the 2DL fallback modes (e.g. B2 + B17 for the B2 + B17 + B30 combination used when one of the three carriers is deactivated). The categories impose no restrictions on the number of component carriers – the core signaling specifications do – but there is a limitation on the maximum TB sizes and the number of DL-SCH bits that can be received during a subframe. 
Performance requirements for carrier aggregation are specified for Category 3 and upwards. The combinations agreed at RAN#60 needs Category 6/7 in practice, which is effectively the Category 4 capability for two 20 MHz component carriers with two-layer transmission in each. We recall the UE categories from 36.306:
The  field ue-Category defines a combined uplink and downlink capability. The parameters set by the UE Category are defined in subclause 4.2. Tables 4.1-1 and 4.1-2 define the downlink and, respectively, uplink physical layer parameter values for each UE Category. A UE indicating category 6 or 7 shall also indicate category 4. A UE indicating category 8 shall also indicate category 5. Table 4.1-4 defines the minimum capability for the maximum number of bits of a MCH transport block received within a TTI for an MBMS capable UE.

Table 4.1-1: Downlink physical layer parameter values set by the field ue-Category
	UE Category
	Maximum number of DL-SCH transport block bits received within a TTI (Note)
	Maximum number of bits of a DL-SCH transport block received within a TTI
	Total number of soft channel bits
	Maximum number of supported layers for spatial multiplexing in DL

	Category 1
	10296
	10296
	250368
	1

	Category 2
	51024
	51024
	1237248
	2

	Category 3
	102048
	75376
	1237248
	2

	Category 4
	150752
	75376
	1827072
	2

	Category 5
	299552
	149776
	3667200
	4

	Category 6
	301504
	149776 (4 layers)

75376 (2 layers)
	3654144
	2 or 4

	Category 7
	301504
	149776 (4 layers)

75376 (2 layers)
	3654144
	2 or 4

	Category 8
	2998560
	299856
	35982720
	8

	NOTE:
In carrier aggregation operation, the DL-SCH processing capability can be shared by the UE with that of MCH received from a serving cell. If the total eNB scheduling for DL-SCH and an MCH in one serving cell at a given TTI is larger than the defined processing capability, the prioritization between DL-SCH and MCH is left up to UE implementation.


The difference between Category 6 and 7 is their uplink capability.
For the supported MIMO layers, the following 
4.2.3.1
Maximum number of supported layers for spatial multiplexing in DL

This field defines the maximum number of supported layers for spatial multiplexing per UE. The UE shall support the number of layers according to its Rel-8/9 category (Cat. 1-5) in all non-CA band combinations. Further requirements on the number of supported layers for spatial multiplexing are provided in section 4.3.5.2. 

For each bandwidth class per band per band combination specified in supportedBandCombination, the UE provides the corresponding MIMO capability.

that in turn refers to clause 4.3.5.2 of 36.306:

In all non-CA band combinations the UE shall indicate at least the number of layers for spatial multiplexing according to the UE’s Rel-8/9 category (Cat. 1-5). If the UE provides a Rel-10 category (Cat. 6-8) it shall indicate at least the number of layers according to that category for at least one band combination. In all other band combinations a UE indicating a category between 2 and 8 shall indicate support for at least 2 layers for downlink spatial multiplexing for all bands. The indicated number of layers for spatial multiplexing may exceed the number of layers required according to the category indicated by the UE. The carrier aggregation and MIMO capabilities indicated for at least one band combination shall meet the processing requirements defined by the physical layer parameter values in the UE category (i.e., […]
A UE indicating Category 6 effectively supports two 20 MHz component carriers with 2 layers each, but could also support three carriers in a 10 MHz + 10 MHz + 20 MHz configuration with 2 layers each with the same capability in terms of total received DL-SCH bits per subframe. The aggregated bandwidth is still 40 MHz and 2 layers are supported per band – the UE processing capability is the actual restriction. 
For the combinations B2 + B5 + B30, B2 + B17 + B30, B2 + B29 + B30, B4 + B5 + B30, B4 + B17 + B30 and B4 + B29 + B30, the aggregated bandwidth is still limited to 40 MHz, one example configuration is given below:
Table 4-1 – Interband 3 Band CA Scenario (single uplink)

	CA Scenario

	DL BAND #1
(carrier BW)
	DL BAND #2
(carrier BW)
	DL BAND #3
(carrier BW)
	UL BAND #1
(carrier BW)
	UL BAND #2
(carrier BW)
	UL BAND #3
(carrier BW)

	2+5+30
	2
(5,10,15,20)
	5
(5,10)
	30
 (5,10)
	2
(5,10,15,20)
	5
(5,10)
	30
 (5,10)


Hence Category 6/7 is sufficient for supplying improved user capacity compared to all two-downlink fallback modes (one of which is B2 + B5). 
For the combinations B2 + B2 + B13, B2 + B4 + B13 and B4 + B4 + B13, the aggregated bandwidth is up to 50 MHz, one example configuration is given below:
	Bandwidth Combination Sets for the Band 2 and Band 13 Combination

	CA Configuration
	E-UTRA Bands
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	CA_B2-B4-B13
	2
	
	
	Yes
	Yes
	Yes
	Yes

	
	4
	
	
	Yes
	Yes
	Yes
	Yes

	
	13
	
	
	
	Yes
	
	


The 50 MHz aggregated bandwidth could still be supported by a UE Category 6/7, but the total number of DL-SCH bits need to be limited by the BS scheduler not to exceed 301504 per subframe. 
For >40 MHz aggregated bandwidth, three DL carriers may still provide additional flexibility in reaching the maximum bit rate according to Category 6/7, but it may be beneficial to consider additional UE categories. This would be particularly relevant for the 3DL combinations in [1] with an aggregated bandwidth up to 60 MHz. The next available capability is UE Category 8, but this requires support of up to 8 layers and is devised for the maximum carrier aggregation capability in the core specifications. 

To sum up, for 3DL CA one should consider an additional UE category between Category 6/7 and Category 8 capability. For the combined non-contiguous intra band and inter-band aggregation with a maximum aggregated bandwidth up to 50 MHz, a bandwidth combination subset with an aggregated bandwidth of 40 MHz could perhaps be considered; this subset would be safely covered by UE Category 6.
3 Transmitter requirements
Next we consider the transmitter requirements for the combinations agreed at RAN#60. There is still one active UL so the main impact on the transmitter requirements is the additional insertion loss implied by the support of 3DL. All possible 2DL fall-back modes must also be supported, so the allowed relaxations for 3DL should be consistent with that allowed for a UE supporting all the 2DL modes (multiple combinations). Taking the combination B13 + B2 + B4 as an example, this could be supported by the architecture in Figure 1 (with L1 = 13), incidentally the same that would support the combinations B13 + B2, B13 + B4 and B2 + B4. 
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Figure 1: architecture for supporting 3DL combinations including a low band, Band 2 and Band 4.
This would also support the combinations B13 + B2 + B2 and B13 + B4 + B4 or any combination of a low band, Band 2 and Band 4. The allowed relaxation for the constituent bands of B2 + B4 + B13 should be consistent with that allowed for a UE that supports B13 + B2, B13 + B4 and B2 + B4. For Band 2 for example, the maximum relaxation allowed for the B2 + B13 and B2 + B4 applies for a UE that supports both of these; the same should apply for Band 2 in the 3DL combination, see Table 1 below (CA_2A-4A is not completed but we assume that the allowed relaxation is not less than the 0.3 dB allowed for Band 2 when CA_2A-13A is supported).
Table 1 (Table 6.2.5A-3 in 36.101): ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB] 



	CA_1A-5A
	1
	0.3

	
	5
	0.3

	…
	
	

	CA_2A-17A
	2
	0.3

	
	17
	0.8

	CA_2A-29A
	2
	0.3

	…
	
	

	CA_4A-5A
	4
	0.3

	
	5
	0.3

	
	
	

	CA_4A-13A
	4
	0.3

	
	13
	0.3

	CA_4A-17A
	4
	0.3

	
	17
	0.8

	CA_4A-29A
	4
	0.3

	…
	
	

	CA_2A-4A
	2
	TBD

	
	4
	TBD

	CA_13A_2A_4A
	13
	0.3

	
	2
	[same as Band 2 for CA_2A-4A]

	
	4
	[same as Band 4 for CA_2A-4A]

	
	
	

	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 non-aggregated operation for the supported E-UTRA operating bands that belong to the supported inter-band carrier aggregation configurations

NOTE 3:
In case the UE supports more than one of the above inter-band carrier aggregation configurations and a E-UTRA operating band belongs to more than one inter-band carrier aggregation configurations then:

-
When the E-UTRA operating band frequency range is ≤ 1GHz, the applicable additional tolerance shall be the average of the tolerances in Table 6.2.5A-3, truncated to one decimal place for that operating band among the supported CA configurations. In case there is a harmonic relation between low band UL and high band DL, then the maximum tolerance among the different supported carrier aggregation configurations involving such band shall be applied

-
When the E-UTRA operating band frequency range is >1GHz, the applicable additional tolerance shall be the maximum tolerance in Table 6.2.5A-3 that applies for that operating band among the supported CA configurations


The same architecture could support the band combinations B2 + B5 + B30, B2 + B17 + B30, B2 + B29 + B30, B4 + B5 + B30, B4 + B17 + B30 and B4 + B29 + B30, but would then likely require a multiplexer for B2 + B4 + B30 (“hex-plexer”). The transmitter relaxations ΔTIB,c for the 2DL fallback modes including B30 to be specified should then be consistent with the relaxations allowed for all the above 3DL combinations. Other architectures are of course possible.
4 Receiver requirements

For the pure inter-band combinations at least, it may be straightforward to specify the requirements, the structure of which should build on the 2DL fall-back combinations. 
The 2DL inter-band combinations are essentially tested in the following way for all receiver requirements:

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 containing the measured carrier

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

Then this is repeated with the roles of the two carriers/bands swapped. Hence the verification of the requirement is essentially “per carrier”. This could be extended for 3DL inter-band combinations:
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 one of the other bands not containing the measured carrier;
c) make the measurement; for the selectivity and blocking tests, the interferers are assigned relative to the measured carrier.

Then repeat with the roles changed. 

The downside is that the number of measurements would be large and the test time considerable. Take CA REFSENS as an example: for 2DL there are two possible measurements: one for each carrier with the uplink in the other bands. For 3DL there are 6 possible measurements: for each measured downlink carrier, the uplink can be assigned to anyone of the other two bands. Nevertheless, the core requirements in 36.101 should cover all possible cases. The procedure a-c could be viable for this purpose, but the measurements need to be limited for the conformance tests in 36.521-1. 
For CA REFSENS, the requirements corresponding to procedure a-c would look as in what follows in 36.101. The exceptions for combination including class A2 cases, e.g. B17 + B4 + B30 would be allowed when the uplink is assigned in B17 (tentative numbers shown below but only used as illustration). The 2DL fall-back modes would appear as “constituent cases”: for B17 + B4 + B30, the B17+ B4 is of Class A2 with harmonics problems, whereas B17 + B4 and B17 + B30 are of Class A1.
7.3.1A

Minimum requirements (QPSK) for CA

For inter-band carrier aggregation with one downlink component carrier per operating band and the uplink assigned to one of the bands 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  the uplink component carrier active in one of the operating bands of the band combination. The UE shall meet the requirements specified in subclause 7.3.1 with the following exceptions.

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 active in the lower-frequency operating band is within a specified frequency range 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_17A_30A
	4
	
	
	[-90]
	[-89.5]
	TBD
	TBD
	

	
	17
	
	
	[-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 transmission bandwidth of the low band for which the 3rd harmonic is within transmission bandwidth of the high band. The requirements should be verified for UL EARFCN of the low band (superscript LB) such that [image: image2.wmf]ë
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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_17A_30A
	17
	
	
	8
	16
	TBD
	TBD
	

	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.


Unless given by Table 7.3.1A-0c, the minimum requirements specified in Tables 7.3.1A-0a and 7.3.1A-0b shall be verified with the network signalling value NS_01 (Table 6.2.4-1) configured. 

Table 7.3.1A-0c: Network signalling value for reference sensitivity

	E-UTRA CA Configuration
	Uplink Band
	Network Signalling value

	CA_4A-12A
	12
	NS_06 

	CA_4A-17A
	17
	NS_06


For band combinations including operating bands without uplink band (as noted in Table 5.5-1), the requirements are specified in Table 7.3.1A-0d, Table 7.3.1A-0e and Table 7.3.1A-0f.
For combinations of non-contiguous intra-band and inter-band aggregation such as B13 + B2 + B2, a different procedure has to be employed. For CA REFSENS, one possible way is to build on the requirements for the fall-back modes B2 + B13 for and B2 + B2 (the latter is not yet studied). Firstly, the B2 + B2 requirements will have to modified by the ΔRIB,c applicable Band 2 for the B2 + Band 13 combination. Intra-band non-contiguous requirements like B25 + B25 are specified as
For intra-band non-contiguous carrier aggregation with one uplink carrier on the PCC, 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 parameters specified in Table 7.3.1-1. The reference sensitivity is defined to be met with both downlink component carriers active and one uplink carrier active. For reference sensitivity measured on the downlink PCC, the parameters in Table 7.3.1-2 apply. For reference sensitivity measured on the downlink SCC, the parameters in Table 7.3.1A-3 apply. The minimum requirement for reference sensitivity in Table 7.3.1-1 shall be increased by the amount given in DRIBNC in Table 7.3.1A-3 for the downlink SCC.

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

	CA_41A-41A5
	NOTE 6
	NOTE 7
	NOTE 8
	0.0
	TDD

	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.

NOTE 5:
For the TDD intra-band non-contiguous CA configurations, the minimum requirements apply only in synchronized operation between all component carriers.

NOTE 6:
All combinations of channel bandwidths defined in Table 5.6A.1-3.

NOTE 7:
All applicable sub-block gap sizes.

NOTE 8:
The PCC allocation is same as Transmission bandwidth configuration NRB as defined in Table 5.6-1.


and the levels then need modification by the additional insertion loss applicable for the inter-band combination (at least). Secondly, when the UE is configured for B13 + B2 + B2, the minimum received level in the B13 downlink would not depend on the uplink allocation in one of the sub-blocks of Band 2 and we could reuse the B2 + B13 requirement.

Summing up, we have considered different approaches for the pure inter-band downlink aggregation and the combination of inter- and intra-band downlink aggregation agreed at RAN#60: these approaches build on the existing 2DL inter-band and 2DL intra-band cases, respectively. The core requirements for 3DL then imply a large number of possible measurements for 36.101. These must be limited for the conformance test for a reasonable test time. 
One could possible rely on the 2DL receiver requirements to a greater extent. However, the test coverage might then not be sufficient, at least for the blocking case for which it is essential to verify requirements with all receivers active.
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