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1. Introduction
During the discussion on applicability of 2DL CA testcases if 3DL CA is tested (R5-150540) at RAN5#66, the fact that we do not currently have a framework for defining per-band and per-band combination capabilities was identified as one of the major obstacles for implementation / detailed discussion of  “if 3DL CA is tested, skip fallback 2DL CA“ rule. In this paper we propose changes to 36.521-2 that would enable defining per-band and per-CA Configuration capabilities and give some examples on how test choice could look like. 
The changes are proposed only for RF conformance test cases, concentrating on Chapters 6&7. The approach could be expanded later to other sections. Focus is on the new Selection concept, not improvement of Applicability.

CR R5-151095 implements the changes proposed, this discussion paper is presented in order to explain the approach more clearly and in a greater detail.

Below some of the motivation cases we considered, choice criteria not possible now that we would like to enable:
· If UE supports feature X (UL MIMO? 4DL MIMO?) in Band Y, skip default test and use feature X test in Band Y, while using default test in other bands.

· If UE supports 2CA and 3CA scenarios, test only 2CA scenarios that are not part of 3CA combination.
· If UE supports 2CA scenarios, some with UL CA, some without UL CA, test all UL CA Configurations with UL CA test, while all DL CA only Configurations with DL CA Only test.
· If UE supports 2CA scenarios, use the CA test only, skip the test for CA Configuration fallback bands.
The changes are aimed only at enabling these new choice criteria, whether and where such choice criteria are to be used is a separate discussion.

Comments and suggestions how to improve this approach are highly appreciated.
Highlights used:

· yellow for new content

· green for additional comments.
2. General description of the proposed approach

We propose to add an extra column, “Tested Bands/CA-Configuration Selection” to the “Applicability of RF conformance test cases” table. This column would define a set of Bands/CA Configurations to test if the Applicability Conditions are met. In other words, “Applicability Conditions” become global Applicability Criteria, whereas “Tested Bands/CA-Configuration Selection” define fine, per-band/CA-Configuration applicability. 
Different Selection Sets, similarily to CXX conditons, are defined in separate tables. We propose 2 new tables, one for Tested Bands Selection, one for Tested CA-Configurations Selection, with set selection criteria being denoted as DXX for Bands Selection and EXX for CA-Conigurations Selection. Selection is based on set operations, as opposed to binary logic for conditions. Note also that with addition of “Tested Bands/CA-Configuration Selection”, some applicability conditions can be relaxed, even should be relaxed in some cases.
To enable Band Selection, each per-Band Feature requires a Table in the Pro-Forma with Items corresponding to Bands, for Band selection.

To enable CA-Configurations selection, Pro-Forma “Supported CA Configrations” tables have to be restructured, to make conditions easier to define. This we will discuss in greater detail later in the document. 

3. “Applicability of RF conformance test cases” Table
Below we show a proposal how the “Applicability of RF conformance test cases” Table could look like. Main change is the addition of Tested Bands / CA-Configurations Selection column, as well as a few notes. Some example test selections are also included, pointing to the new Tested Bands/CA-Configurations Selection Tables. Any comments appreciated.

Not that focus is on Chapters 6 and 7, the proposed approach does not really help with Chapter 8 selection criteria, which might generally be too complex to put into simple logical operators. We are considering bringing in a 2nd CR for implementing Chapter 8 test skipping as introduced in Section 8.1.2.4 (No Single Carrier tests if CA tested, no 2CA tests when 3CA tested).
Table 4.1-1: Applicability of RF conformance test cases, ref. TS 36.521-1 [1]
	Clause
	Title
	Release
	Applicability
	Tested Bands / CA-Configurations
Selection
	Additional Information

	
	
	
	Condition
	Comments
	
	

	6.2.2
	UE Maximum Output Power
	Rel-8
	R
	UE supporting E-UTRA
	D01
	FDD

	
	
	
	
	
	
	TDD

	6.2.2_1
	UE Maximum Output Power for HPUE
	Rel-10
	C39
	UE supporting E-UTRA Power Class 1
	D04
	FDD

	
	
	
	
	
	
	TDD

	6.2.2A.1
	UE Maximum Output Power for CA (intra-band contiguous DL CA and UL CA)
	Rel-10
	C19
	UE supporting E-UTRA and intra-band contiguous DL CA and UL CA
	E01
	FDD

	
	
	
	
	
	
	TDD

	6.2.2B
	UE Maximum Output Power for UL-MIMO
	Rel-10
	C07
	UE supporting E-UTRA and UL_MIMO
	D05
	FDD

	
	
	
	
	
	
	TDD

	<Rows omitted>

	Receiver Characteristics

	7.3
	Reference sensitivity level
	Rel-8
	R
	UE supporting E-UTRA
	D01
	FDD

	
	
	
	
	
	
	TDD

	7.3A.1
	Reference sensitivity level for CA (intra-band contiguous DL CA and UL CA)
	Rel-10
	C19
	UE supporting E-UTRA and intra-band contiguous DL CA and UL CA
	E01
	FDD

	
	
	
	
	
	
	TDD

	7.3A.2
	Reference sensitivity level for CA (intra-band contiguous DL CA without UL CA)
	Rel-10
	C20

(C22?)
	UE supporting E-UTRA and intra-band contiguous DL CA but no UL CA
	E04
(Should be also run for non-UL CA capable CA Confs. of UL CA capable UE )
	FDD

	
	
	
	
	
	
	TDD

	7.3A.3
	Reference sensitivity level for CA (inter-band DL CA without UL CA)
	Rel-10
	C21
	UE supporting E-UTRA and inter-band DL CA but no UL CA
	E06
	FDD

	
	
	
	
	
	
	TDD

	7.3A.4
	Reference sensitivity level for CA (intra-band non-contiguous DL CA without UL CA)
	Rel-11
	C43
	UE supporting E-UTRA and intra-band non-contiguous DL CA but no UL CA
	E05
	FDD

	
	
	
	
	
	
	TDD

	7.3B
	Reference sensitivity level for UL-MIMO
	Rel-10
	C07
	UE supporting E-UTRA and UL_MIMO
	D05
	FDD

	
	
	
	
	
	
	TDD

	<Rows omitted>

	7.4A.5
	Maximum input level for CA (3DL CA without UL CA)
	Rel-12
	TBD
	UE supporting E-UTRA and DL CA with 3 carriers
	E07
(applicability not defiend yet, example for 3DL CA)
	FDD

	
	
	
	
	
	
	TDD

	<Rows omitted>

	Performance Requirement

	8.2.1.1.1
	FDD PDSCH Single Antenna Port Performance
	Rel-8
	C01
	UE supporting E-UTRA FDD
	Each Test No to be performed once, in a chosen band supporting test BW
	(Applicabilty change needed: Not applicable if CA supported)

	8.2.1.1.1_1
	FDD PDSCH Single Antenna Port Performance (Release 9 and forward)
	Rel-9
	C31
	UE supporting E-UTRA FDD

(UE categories 1, 2)
	Each Test No to be performed once, in a chosen band supporting test BW
	(Should be either/or with main TC?)

	8.2.1.1.1_A.1
	FDD PDSCH Single Antenna Port Performance for CA (2 DL CA)
	Rel-10
	C102
	UE supporting E-UTRA FDD and intra-band contiguous DL CA or inter-band DL CA (UE categories from 3 to 8)
	Refer to 36.521-1 8.1.2.3
	(Rules complex, already described in a table )
(Applicabilty change needed: Not applicable if 3DL CA supported )

	
	
	Rel-11
	C103
	UE supporting E-UTRA FDD and Downlink Intra-band non-contiguous CA (UE categories from 3 to 8)
	Refer to 36.521-1 8.1.2.3
	

	8.2.1.1.1_A.2
	FDD PDSCH Single Antenna Port Performance for CA (3DL CA)
	Rel-12
	TBD
	TBD
	Refer to 36.521-1 8.1.2.3
	

	<Rows omitted>


4. New Tested Bands / CA Configurations Selection Criteria Tables
In order to enable the selection, we propose 2 new tables, roughly based on the Conditions table. Unlike for Conditions, we placed the comments in the table instead of in the applicability table, to avoid the size of the table from growing too big. The selection is based on sets, with full sets being all possible bands (for Band Selection), and all possible CA Configurations (each Configuration denoted in the form of CA_1A-5A). CA Configuration always refers to DL CA Configuration, UL CA Conf. is treated as an extra parameter that can be used for set derivation from Pro-Forma tables, but is not used otherwise.
The approach is based on set operations (intersection, union, complement) between pre-defined sets (all FDD bands, all 2-Carrier CA, etc) and sets derived from Pro-Forma tables. Simplest set derived from Pro-forma table is a list of all supported bands / all bands where a feature is supported / all supported CA Configurations in the table. This set is referred by the table name, A.4.X-Y or A.4.6.X-Y. More complex sets derived from pro-forma tables will be discussed together with pro-forma tables’ updates.  

Each selection could be calculated separately, or to allow for more concise calculations, it would be also possble to enable either using a different selection criteria within selection criteria calculation, or intermediate sets calculation. See E07 for example. 
Table 4.1-1b: Tested Bands Selection Criteria 

	Code
	Selection
	Comment

	D01
	A.4.3-3
	All supported Bands

	D02
	A.4.3-3 AND FDD
	All supported FDD Bands

	D03
	A.4.3-3 AND TDD
	All supported TDD Bands

	D04
	A.4.3-3 AND {14}
	Band 14 if supported (Alternatively extra table for HPUE feature)

	D05
	A.4.3-3 AND A.4.5-3
	Bands supporting UL MIMO (Assuming 4.7-1 is UL MIMO feature table)

	D06
	A.4.3-3 AND NOT A.4.5-3
	Bands not supporting UL MIMO  (Could be used to for example,  skip non-MIMO UE Minimum Output Power tests if MIMO tested)

	D07
	A.4.3-3 AND NOT FALLBACK(A.4.6.1-3)
	All supported Bands that are not part of contiguous CA configuration. 

	Note: 
Band Selection is based on set theory. For each feature, item number shall correspond to the Band number. The result is the set of bands for which the test shall be conducted. The following operators are used:



AND: 
Set intersection ( [image: image1.png]


 ). {1,2} AND {2,3} = {2}



OR: 
Set union ( [image: image2.png]


 ). {1,2} OR {2,3} = {1,2,3}




NOT: 
Set complement (\), full set being all bands. NOT{1} = {2 … 64}




Also note that this is set without repetitions so {1} AND {1} = {1}

The following basic sets are used:




FDD:
All FDD bands, currently {1…32}




TDD: 
All TDD bands, currently {33…64}




{1,2}:
Explicitly given band set




More To be Defined if needed

The following sets derived from pro-forma tables are also used:



A.4.X-Y:
All bands supporting the feature defined in A.4.X-Y. For A.4.3-3, all supported bands. 




FALLBACK(A.4.6.X-Y): Fallback bands of supported CA Combinations defined in Table A.4.6.X-Y   




Table 4.1-1c: Tested CA Configurations Selection Criteria 
	Code
	Selection
	Comment

	E01
	UL(A.4.6.1-3) AND CARRIER_NO(2)
	All supported intra-band contiguous CA Configurations with 2 carriers in both UL and DL (Assumes 2DL CA and 3DL CA sharing the table, otherwise CARRIER_NO not needed)

	E02
	UL(A.4.6.2-3) AND CARRIER_NO(2)
	All supported intra-band contiguous non-contiguous CA Configurations with 2 carriers in both UL and DL 

	E03
	UL(A.4.6.3-3) AND CARRIER_NO(2)
	All supported inter-band CA Configurations with 2 carriers in both UL and DL 

	E04
	A.4.6.1-3 AND CARRIER_NO(2) AND NOT UL(A.4.6.1-3) 
	All supported intra-band contiguous CA Configurations with 2 carriers in DL but no CA in UL.  

	E05
	A.4.6.2-3 AND CARRIER_NO(2) AND NOT UL(A.4.6.2-3)
	All supported intra-band non-contiguous CA Configurations with 2 carriers in DL but no CA in UL.

	E06
	A.4.6.3-3 AND CARRIER_NO(2) AND NOT UL(A.4.6.3-3)
	All supported inter-band CA Configurations with 2 carriers in DL but no CA in UL.  

	E07
	((A.4.6.1-3 AND NOT UL(A.4.6.1-3)) OR (A.4.6.2-3 AND NOT UL(A.4.6.2-3)) OR (A.4.6.3-3 AND NOT UL(A.4.6.3-3)) OR (A.4.6.3-4 AND NOT UL(A.4.6.3-4))) AND CARRIER_NO(3)
	All supported 3DL CA without UL.  (Complex because 3DL CA in 3 tables)

	E08
	E04 AND NOT DL_FALLBACKS
	All supported intra-band contiguous CA Configurations with 2 carriers in DL but no CA in UL, that are not fallbacks of 3DL CA.  (Example for an option where either other Selection Criteria or pre-calculated sets are used )

	E09
	E05 AND NOT DL_FALLBACKS
	All supported intra-band non-contiguous CA Configurations with 2 carriers in DL but no CA in UL, that are not fallbacks of 3DL CA.  

	E10
	E06 AND NOT DL_FALLBACKS
	All supported inter-band CA Configurations with 2 carriers in DL but no CA in UL, that are not fallbacks of 3DL CA.  

	DL_FALLBACKS
	FALLBACK(A.4.6.1-3) AND FALLBACK(A.4.6.2-3) AND FALLBACK(A.4.6.3-3) AND FALLBACK(A.4.6.3-4)
	All DL Fallbacks of supported CA Configurations

	Note: 
CA Configuration Selection is based on set theory. Each CA Configuration is designated by its name, including bands and BW classes, eg CA_1A-5A. The following operators are used:




AND: 
Set intersection ( [image: image3.png]


 ). {CA_1C,CA_1A-5A} AND {CA_1C, CA_2A-4A } = CA_1C




OR: 
Set union ( [image: image4.png]


 ). {CA_1C,CA_1A-5A} OR {CA_1C, CA_2A-4A } = {CA_1C,CA_1A-5A, CA_2A-4A}




NOT: 
Set complement (\), full set being all possible CA Configurations





Also note that this is set without repetitions so {CA_1C} AND {CA_1C} = {CA_1C}


The following basic sets are used:




FDD:
All FDD-only CA Configurations




TDD: 
All TDD-only CA Configurations




FDD-TDD: 
All mixed CA Configurations




{CA_1C}:
Explicitly given CA Configurations




CARRIER_NO(n): All CA Configurations with n Carriers, eg for n=2 CA_1C and CA_1A-5A would be a part of this set




BAND_NO(n): All CA Configurations containing n Bands, eg. for n=2,  CA_1A-5A and CA_1A-41C are part of this set




BWCLASS(x): All CA Configurations containing BW Class x, eg. for x=C, CA_1C and CA_1A-41C are part of this set




The following sets derived from pro-forma tables are also used:




A.4.6.X-Y: All supported DL CA Combinations defined in table A.4.6.X-Y




UL(A.4.6.X-Y): All DL CA Combinations that also support UL CA with any number of carriers >1, as per column





“Supported CA Bandwidth Class(es) in UL” defined in table A.4.6.X-Y. 




UL_2CC(A.4.6.X-Y): All DL CA Combinations that also support 2 Carrier UL CA, as per column





“Supported CA Bandwidth Class(es) in UL” defined in table A.4.6.X-Y. Note that DL might support a larger number





of carriers than UL.




UL_3CC(A.4.6.X-Y): All DL CA Combinations that also support 3 Carrier UL CA, as per column





“Supported CA Bandwidth Class(es) in UL” defined in table A.4.6.X-Y




FALLBACK(A.4.6.X-Y): Fallback DL CA Combinations of supported CA Combinations defined in Table A.4.6.X-Y   




FALLBACK_UL(A.4.6.X-Y): Fallback DL and UL CA Combinations of supported CA Combinations defined in Table 



A.4.6.X-Y. This set only includes Combinations with same CA Capability in UL and DL. 




5. Changes to Pro-Forma Tables, CA
CA Pro-Forma tables need an overhaul either way, since per-band combination approach (eg. CA_41) does not distinguish between different CA Configurations available for this band, CA_41C and CA_41D, each with their own Bandwidth Combination Sets. Due to that, we propose to trasit to a CA Configuration approach, with one row per configuration, so separate rows for CA_41C and CA_41D. This also makes selection criteria much easier to implement. This makes the tables look more like 3GPP 36.521-1 5.4.2A.1 tables, away from 5.2A tables.
We are assuming that 36.521-2 tables will follow the 36.521-1 5.4.2A.1-1/-2/-2a/-3 tables, so separate tables for pure contiguous CA, any 2 bands CA, any 3 bands CA and intra-band non-contiguous + none or contiguous CA. Other splits is also possible, for example a separate table for all 3CA cases, which would simplify some selction criteria, but break the direct link to RAN4 tables.
Next we are proposing to remove the Reference column and move the content to a note, since reference is always same and more space is needed for extra columns.

Supported CA Bandwidth Classes in DL column can also be removed since this information is now in the first column. 

Supported CA Bandwidth Classes in UL column is used basically in the same way as currently, wit the difference being that band numbers need to be given to BW classes, and all supported UL BW classes need to be listed. 
We are introducing 2 new columns: Fallback Bands and Fallback CA Configurations, both pre-filled. There are two reasons for those new columns. They make selection criteria for fallbacks easier – take a set of all the entires in column x, and by not including a Band, CA Configuration, we can exclude it from being considered a fallback. This is for cases like CA_18A-28A, where only part of B28 is used. 

We also propose adding a big amount of notes. Those are mostly to explain the usage of the different set derivation operators, FALLBACK() etc. , please refer to them. The main problem was which criteria a fallback has to meet to be valid. Our proposal is: 1) Supports maximum BW in the band/each band 2) Supports uplink in the band/each band. We consider this to be a sufficient criterium, but of course simplified. 
In the future, Dual Connectivity (DC) might be added as an extra column to the tables, or as a separate table with the same format.
Table A.4.6.1-3: Supported CA configurations for Intra-band contiguous CA

	

	
	
	

	

	


	
	

	
	
	
	

	
	

	
	
	
	

	
	

	
	
	
	

	
	

	
	
	
	

	
	

	
	
	
	

	
	

	
	
	
	

	
	

	
	
	
	

	
	

	
	
	
	

	
	

	
	
	
	

	





	E-UTRA CA configuration / Item

(Note 1)
	Release
	Supported CA Bandwidth Class(es) in UL

(Note 2,7)
	Supported Bandwidth Combination Set(s)

(Note 3)
	Fallback Bands

(Note 5,8)
	Fallback CA configurations

(Note 6,8)

	CA_1C
	Rel-10
	
	
	1
	-

	CA_2C
	Rel-12
	
	
	2
	-

	CA_3C
	Re-12
	
	
	3
	-

	CA_7C
	Rel-11
	
	
	7
	-

	CA_12B
	Rel-??
	
	
	12
	-

	CA_23B
	Rel-12
	
	
	23
	-

	CA_27B
	Rel-12
	
	
	27
	-

	CA_38C
	Rel-11
	
	
	38
	-

	CA_39C
	Rel-12
	
	
	39
	-

	CA_40C
	Rel-10
	
	
	40
	-

	CA_40D
	Rel-12
	2 Examples below
	
	40
	40C

	CA_41C
	Rel-11
	
	0,1
	41
	-

	CA_41D
	Rel-12
	41D,41C
	0
	41
	41C

	CA_42C
	Rel-12
	
	
	42
	-

	Note 1:
Notation used for intra-band contiguous CA Bands is according to TS 36.101 [2] Table 5.6A.1-1, e.g. ‘CA_1C’ indicates CA operation on E-UTRA band 1 with DL CA Bandwidth Class C.

Note 2:
The UL CA capabilities as per Table A.4.6.1-2 can be supported on a single or multiple CA Band(s). The UE supplier shall indicate all supported UL CA Bandwidth Class(es), in uplink of the supported CA Band(s), as per TS 36.101 [2] Table 5.6A.1-1. For this release of specification valid choices are null, ‘XB’ and ‘XC’, where X is the band. For example, for CA_1C, null would mean only DL CA,  ‘1C’ would mean both DL and UL CA.
Note 3:
The UE supplier shall indicate the supported Bandwidth Combination Set(s) as per TS 36.101 [2] Table 5.6A.1-1.

Note 4: 
Reference to all items is 36.101, 5.6A and 36.331, 6.3.6

Note 5: 
Fallback Bands column is used for the FALLBACK() operator in “Tested Band Selection Criteria” (Table 4.1-1b). FALLBACK(A.4.6.1-3) shall return all valid fallback bands of supported CA Configurations. For band to be valid as fallback the following additional criteria also need to be met:

1. UL is supported in the band according to “Supported CA Bandwidth Class(es) in UL”
2. Maximum allowed channel BW in the band is included in at least one of the supported Bandwidth Combination Sets.
 

Note 6: 
Fallback CA configurations column is used for the FALLBACK() and FALLBACK_UL() operators in “Tested CA Configurations Criteria” (Table 4.1-1c). FALLBACK(A.4.6.1-3) shall return all valid fallback CA Configurations of supported CA Configurations.  For a CA Configuration to be valid as fallback the following additional criteria also need to be met:

1. UL is supported in each CA Configuration band according to “Supported CA Bandwidth Class(es) in UL”

2. Maximum allowed channel BW in each CA Configuration band is included in at least one of the supported Bandwidth Combination Sets.
 

FALLBACK_UL(A.4.6.1-3) shall return FALLBACK(A.4.6.1-3) AND UL(A.4.6.1-3)
Note 7:
UL(A.4.6.1-3) shall return all supported CA Configurations where at least one >1 Carrier UL CA Bandwidth Class was declared in column “Supported CA Bandwidth Class(es) in UL”.




UL_2CC(A.4.6.1-3) shall return all supported CA Configurations where at least one 2 Carrier UL CA Bandwidth Class was declared in column “Supported CA Bandwidth Class(es) in UL”. UL_3CC(A.4.6.1-3) shall return all supported CA Configurations where at least one 3 Carrier UL CA Bandwidth Class was declared.

Note 8:
Generally all logical Fallback Bands/CA Configurationsof the CA Configuration shall be listed. However, exceptions are possible if there are big differences between CA Configuration and band definitions. For example, CA_18A-28A uses only a part of B28, so 28 will not be listed as a fallback band.  


Table A.4.6.2-3: Supported CA configurations for Intra-band non-contiguous CA

	

	
	
	

	

	


	
	

	
	
	
	

	
	

	
	
	
	

	
	

	
	
	
	

	
	

	
	
	
	

	
	

	
	
	
	

	
	

	
	
	
	

	
	

	
	
	
	

	
	

	
	
	
	

	




	E-UTRA CA configuration / Item

(Note 1)
	Release
	Supported CA Bandwidth Class(es) in UL

(Note 2,7)
	Supported Bandwidth Combination Set(s)

(Note 3)
	Fallback Bands

(Note 5,8)
	Fallback CA configurations

(Note 6,8)

	CA_2A-2A
	Rel-12
	
	
	2
	-

	CA_3A-3A
	Rel-12
	
	
	3
	-

	CA_4A-4A
	Rel-12
	
	
	4
	-

	CA_7A-7A
	Rel-12
	
	
	7
	-

	CA_23A-23A
	Rel-12
	Example B25:
	Note that BCS 0 does not support LTE20 so B25 as fallback band is NOT valid
	23
	-

	CA_25A-25A
	Rel-11
	
	0
	25
	-

	CA_41A-41A
	Rel-11
	
	
	41
	-

	CA_41A-41C
	Rel-12
	Example B41:
	
	41
	41A-41A,41C

	CA_41C-41A
	Rel-12
	41C
	0
	41
	41A-41A,41C

	CA_42A-42A
	Rel-12
	
	
	42
	-

	Note 1:
Notation used for intra-band contiguous CA Bands is according to TS 36.101 [2] Table 5.6A.1-3, e.g. ‘CA_1C’ indicates CA operation on E-UTRA band 1 with DL CA Bandwidth Class C.

Note 2:
The UL CA capabilities as per Table A.4.6.1-2 can be supported on a single or multiple CA Band(s). The UE supplier shall indicate all supported UL CA Bandwidth Class(es), in uplink of the supported CA Band(s), as per TS 36.101 [2] Table 5.6A.1-3. For this release of specification valid choices are null, ‘XA-XA’ and ‘XC’, where X is the band. For example, for CA_4A-4A, null would mean only DL CA,  ‘4A-4A’ would mean both DL and UL CA.

Note 3:
The UE supplier shall indicate the supported Bandwidth Combination Set(s) as per TS 36.101 [2] Table 5.6A.1-1.

Note 4: 
Reference to all items is 36.101, 5.6A and 36.331, 6.3.6

Note 5: 
Fallback Bands column is used for the FALLBACK() operator in “Tested Band Selection Criteria” (Table 4.1-1b). FALLBACK(A.4.6.2-3) shall return all valid fallback bands of supported CA Configurations. For band to be valid as fallback the following additional criteria also need to be met:

3. UL is supported in the band according to “Supported CA Bandwidth Class(es) in UL”

4. Maximum allowed channel BW in the band is included in at least one of the supported Bandwidth Combination Sets.
 

Note 6: 
Fallback CA configurations column is used for the FALLBACK() and FALLBACK_UL() operators in “Tested CA Configurations Criteria” (Table 4.1-1c). FALLBACK(A.4.6.2-3) shall return all valid fallback CA Configurations of supported CA Configurations.  For a CA Configuration to be valid as fallback the following additional criteria also need to be met:

3. UL is supported in each CA Configuration band according to “Supported CA Bandwidth Class(es) in UL”

4. Maximum allowed channel BW in each CA Configuration band is included in at least one of the supported Bandwidth Combination Sets.
 


FALLBACK_UL(A.4.6.2-3) shall return FALLBACK(A.4.6.2-3) AND UL(A.4.6.2-3)
Note 7:
UL(A.4.6.2-3) shall return all supported CA Configurations where at least one >1 Carrier UL CA Bandwidth Class was declared in column “Supported CA Bandwidth Class(es) in UL”.

UL_2CC(A.4.6.2-3) shall return all supported CA Configurations where at least one 2 Carrier UL CA Bandwidth Class was declared in column “Supported CA Bandwidth Class(es) in UL”. UL_3CC(A.4.6.2-3) shall return all supported CA Configurations where at least one 3 Carrier UL CA Bandwidth Class was declared.

Note 8:
Generally all logical Fallback Bands/CA Configurationsof the CA Configuration shall be listed. However, exceptions are possible if there are big differences between CA Configuration and band definitions. For example, CA_18A-28A uses only a part of B28, so 28 will not be listed as a fallback band.  


Table A.4.6.3-3: Supported CA configurations for Inter-band CA (two bands)

	

	
	
	

	

	


	
	

	
	
	
	

	
	

	
	
	
	

	
	

	
	
	
	

	
	

	
	
	
	

	
	

	
	
	
	

	
	

	
	
	
	

	
	

	
	
	
	

	
	

	
	
	
	

	
	

	
	
	
	

	
	

	
	
	
	

	
	

	
	
	
	

	
	

	
	
	
	

	
	

	
	
	
	

	
	

	
	
	
	

	
	

	
	
	
	

	
	

	
	
	
	

	
	

	
	
	
	

	
	

	
	
	
	

	
	

	
	
	
	

	
	

	
	
	
	

	
	

	
	
	
	

	
	

	
	
	
	

	
	

	
	
	
	

	
	

	
	
	
	

	
	

	
	
	
	

	
	

	
	
	
	

	
	

	
	
	
	

	
	

	
	
	
	

	
	

	
	
	
	

	
	

	
	
	
	

	
	

	
	
	
	

	
	

	
	
	
	

	
	

	
	
	
	

	
	

	
	
	
	

	
	

	
	
	
	

	
	

	
	
	
	

	
	

	
	
	
	

	
	

	
	
	
	

	
	

	
	
	
	

	
	

	
	
	
	

	
	

	
	
	
	

	
	

	
	
	
	

	
	

	
	
	
	

	
	

	
	
	
	

	
	

	
	
	
	

	
	

	
	
	
	

	
	

	
	
	
	

	
	

	
	
	
	

	
	

	
	
	
	

	
	

	
	
	
	

	
	

	
	
	
	

	
	

	
	
	
	

	

· 
· 



	E-UTRA CA configuration / Item

(Note 1)
	Release
	Supported CA Bandwidth Class(es) in UL

(Note 2,7)
	Supported Bandwidth Combination Set(s)

(Note 3)
	Fallback Bands

(Note 5,8)
	Fallback CA configurations

(Note 6,8)

	<<Rows omitted>>

	CA_18A-28A
	Rel-12
	
	Here: B28 on purpose NOT a Fallback band
	18
	-

	CA_19A-21A
	Rel-12
	
	
	19.21
	-

	CA_19A-42A
	Rel-12
	
	
	19,42
	-

	CA_19A-42C
	Rel-12
	19A-nil, nil-42A,nil-42C
	0
	19,42
	19A-42A,42C

	<<Rows omitted>>

	Note 1:
Notation used for intra-band contiguous CA Bands is according to TS 36.101 [2] Table 5.6A.1-2, e.g. ‘CA_1A-3A’ indicates interband CA operation on E-UTRA band 1 with DL CA Bandwidth Class A and  on E-UTRA band 3 with DL CA Bandwidth Class A
Note 2:
The UL CA capabilities as per Table A.4.6.3-2 can be supported on a single or multiple CA Band(s). The UE supplier shall indicate all supported UL CA Bandwidth Class(es), in uplink of the supported CA Band(s), as per TS 36.101 [2] Table 5.6A.1-2. The UE shall also indicate in which bands is UL supported. For this release of specification valid choices are ‘nil-XA’,XA-nil’, ‘XA-XA’ and ‘XC’, where X is the band. For example, for full UL CA support in CA_18A-28A, UE shall indicate 18A-nil, nil-28A,18A-28A. For no UL CA and UL only in B28: nil-28A.
Note 3:
The UE supplier shall indicate the supported Bandwidth Combination Set(s) as per TS 36.101 [2] Table 5.6A.1-1.

Note 4: 
Reference to all items is 36.101, 5.6A and 36.331, 6.3.6

Note 5: 
Fallback Bands column is used for the FALLBACK() operator in “Tested Band Selection Criteria” (Table 4.1-1b). FALLBACK(A.4.6.3-3) shall return all valid fallback bands of supported CA Configurations. For band to be valid as fallback the following additional criteria also need to be met:

5. UL is supported in the band according to “Supported CA Bandwidth Class(es) in UL”

6. Maximum allowed channel BW in the band is included in at least one of the supported Bandwidth Combination Sets.
 

Note 6: 
Fallback CA configurations column is used for the FALLBACK() and FALLBACK_UL() operators in “Tested CA Configurations Criteria” (Table 4.1-1c). FALLBACK(A.4.6.3-3) shall return all valid fallback CA Configurations of supported CA Configurations.  For a CA Configuration to be valid as fallback the following additional criteria also need to be met:

5. UL is supported in each CA Configuration band according to “Supported CA Bandwidth Class(es) in UL”

6. Maximum allowed channel BW in each CA Configuration band is included in at least one of the supported Bandwidth Combination Sets.
 


FALLBACK_UL(A.4.6.3-3) shall return FALLBACK(A.4.6.3-3) AND UL(A.4.6.3-3)

Note 7:
UL(A.4.6.3-3) shall return all supported CA Configurations where at least one >1 Carrier UL CA Bandwidth Class was declared in column “Supported CA Bandwidth Class(es) in UL”.
UL_2CC(A.4.6.3-3) shall return all supported CA Configurations where at least one 2 Carrier UL CA Bandwidth Class was declared in column “Supported CA Bandwidth Class(es) in UL”. UL_3CC(A.4.6.3-3) shall return all supported CA Configurations where at least one 3 Carrier UL CA Bandwidth Class was declared.

Note 8:
Generally all logical Fallback Bands/CA Configurationsof the CA Configuration shall be listed. However, exceptions are possible if there are big differences between CA Configuration and band definitions. For example, CA_18A-28A uses only a part of B28, so 28 will not be listed as a fallback band.  


Table A.4.6.3-4: Supported CA configurations for Inter-band CA (three bands)

	

	
	
	

	

	


	
	

	
	
	
	

	
	

	
	
	
	

	
	

	
	
	
	

	

· 



	E-UTRA CA configuration / Item

(Note 1)
	Release
	Supported CA Bandwidth Class(es) in UL

(Note 2,7)
	Supported Bandwidth Combination Set(s)

(Note 3)
	Fallback Bands

(Note 5,8)
	Fallback CA configurations

(Note 6,8)

	CA_1A-3A-19A
	Rel-12
	
	
	1,3,19
	1A-3A,1A-19A,3A-19A

	CA_1A-7A-20A
	Rel-12
	1A-nil-nil,nil-7A-nil,nil-nil-20A
	0
	1,7,20
	1A-7A,1A-20A,7A-20A

	CA_1A-19A-20A
	Rel-12
	
	
	1,19,20
	1A-19A,1A-19A,19A-20A

	Note 1:
Notation used for intra-band contiguous CA Bands is according to TS 36.101 [2] Table 5.6A.1-2a, e.g. ‘CA_1A-3A-19A’ indicates CA operation on E-UTRA bands 1,2 and 19, each with CA Bandwidth class A.
Note 2:
The UL CA capabilities as per Table A.4.6.3-2 can be supported on a single or multiple CA Band(s). The UE supplier shall indicate all supported UL CA Bandwidth Class(es), in uplink of the supported CA Band(s), as per TS 36.101 [2] Table 5.6A.1-2a. The UE shall also indicate in which bands is UL supported. For this release of specification valid choices are ‘nil-nil-XA’,XA-nil-nil’, ‘XA-XA-nil’ etc,  where X is the band. For example, for UL support in B1 and B3, even CA, for CA_1A-3A-19A, UE shall indicate 1A-nil-nil, nil-3A-nil, 1A-3A-nil.
Note 3:
The UE supplier shall indicate the supported Bandwidth Combination Set(s) as per TS 36.101 [2] Table 5.6A.1-1.

Note 4: 
Reference to all items is 36.101, 5.6A and 36.331, 6.3.6

Note 5: 
Fallback Bands column is used for the FALLBACK() operator in “Tested Band Selection Criteria” (Table 4.1-1b). FALLBACK(A.4.6.3-4) shall return all valid fallback bands of supported CA Configurations. For band to be valid as fallback the following additional criteria also need to be met:

7. UL is supported in the band according to “Supported CA Bandwidth Class(es) in UL”

8. Maximum allowed channel BW in the band is included in at least one of the supported Bandwidth Combination Sets.
 

Note 6: 
Fallback CA configurations column is used for the FALLBACK() and FALLBACK_UL() operators in “Tested CA Configurations Criteria” (Table 4.1-1c). FALLBACK(A.4.6.3-4) shall return all valid fallback CA Configurations of supported CA Configurations.  For a CA Configuration to be valid as fallback the following additional criteria also need to be met:

7. UL is supported in each CA Configuration band according to “Supported CA Bandwidth Class(es) in UL”

8. Maximum allowed channel BW in each CA Configuration band is included in at least one of the supported Bandwidth Combination Sets.
 


FALLBACK_UL(A.4.6.3-4) shall return FALLBACK(A.4.6.3-4) AND UL(A.4.6.3-4)

Note 7:
UL(A.4.6.3-4) shall return all supported CA Configurations where at least one >1 Carrier UL CA Bandwidth Class was declared in column “Supported CA Bandwidth Class(es) in UL”.




UL_2CC(A.4.6.3-4) shall return all supported CA Configurations where at least one 2 Carrier UL CA Bandwidth Class was declared in column “Supported CA Bandwidth Class(es) in UL”. UL_3CC(A.4.6.3-4) shall return all supported CA Configurations where at least one 3 Carrier UL CA Bandwidth Class was declared.

Note 8:
Generally all logical Fallback Bands/CA Configurations of the CA Configuration shall be listed. However, exceptions are possible if there are big differences between CA Configuration and band definitions. For example, CA_18A-28A uses only a part of B28, so 28 will not be listed as a fallback band.  


Editor’s note: CA capabilities as per Tables A.4.6.3-1 and A.4.6.3-2 extension for 3DL CA are for FFS

6. Changes to Pro-Forma Tables, Non-CA Possible Per-Band Capabilties

For per-band capabilities, no changes to existing pro-froma tables is needed, but for each per-band capability, a new table is generally needed, basically a copy of Table A.4.3-3: RF Baseline Implementation Capabilities. A second option would be to have a table covering multiple per-band capabilities.
Currently, the UL MIMO and nonContiguousUL-RA-WithinCC-Info-r10 (pre-requisite for multiClusterPUSCH-WithinCC-r10) might need such tables. There are however many more features that might need such a table in the future, perspective candidates are:

· DL MIMO – with 4 and 8 antennas, but currently no tests defined for 4 & 8 antennas
· HPUE
· 64QAM (UL) and 256 QAM (DL) 
· MBMS Reception 
· ProSe
Table A.4.5-3: UL MIMO Capabilities
	Item
	RF Baseline Implementation Capabilities
	Ref.
	Comments

	1
	Frequency band: 1920-1980, 2110-2170 MHz
	36.101, 5.5
	FDD Band 1 

	2
	Frequency band: 1850-1910, 1930-1990 MHz
	36.101, 5.5
	FDD Band 2

	3
	Frequency band: 1710-1785, 1805-1880 MHz
	36.101, 5.5
	FDD Band 3

	4
	Frequency band: 1710-1755, 2110-2155 MHz
	36.101, 5.5
	FDD Band 4

	5
	Frequency band: 824-849, 869-894 MHz
	36.101, 5.5
	FDD Band 5

	6
	Frequency band: 830-840, 875-885 MHz
	36.101, 5.5
	FDD Band 6

	7
	Frequency band: 2500-2570, 2620-2690 MHz
	36.101, 5.5
	FDD Band 7

	8
	Frequency band: 880-915, 925-960 MHz
	36.101, 5.5
	FDD Band 8

	9
	Frequency band: 1749.9-1784.9, 1844.9-1879.9 MHz
	36.101, 5.5
	FDD Band 9

	10
	Frequency band: 1710-1770, 2110-2170 MHz
	36.101, 5.5
	FDD Band 10

	11
	Frequency band: 1427.9-1447.9, 1475.9-1495.9 MHz
	36.101, 5.5
	FDD Band 11

	12
	Frequency band: 699-716, 729-746 MHz
	36.101, 5.5
	FDD Band 12

	13
	Frequency band: 777-787, 746-756 MHz
	36.101, 5.5
	FDD Band 13

	14
	Frequency band: 788-798, 758-768 MHz
	36.101, 5.5
	FDD Band 14

	15
	Reserved
	36.101, 5.5
	FDD Band 15

	16
	Reserved
	36.101, 5.5
	FDD Band 16

	17
	Frequency band: 704-716, 734-746 MHz
	36.101, 5.5
	FDD Band 17

	18
	Frequency band: 815-830, 860-875 MHz
	36.101, 5.5
	FDD Band 18

	19
	Frequency band: 830-845, 875-890 MHz
	36.101, 5.5
	FDD Band 19

	20
	Frequency band: 832-862, 791-821MHz
	36.101, 5.5
	FDD Band 20

	21
	Frequency band: 1447.9-1462.9, 1495.9-1510.9 MHz
	36.101, 5.5
	FDD Band 21

	22
	Frequency band: 3410-3490, 3510-3590 MHz
	36.101, 5.5
	FDD Band 22

	23
	Frequency band: 2000-2020, 2180-2200 MHz
	36.101, 5.5
	FDD Band 23

	24
	Frequency band: 1626.5-1660.5, 1525-1559 MHz
	36.101, 5.5
	FDD Band 24

	25
	Frequency band: 1850-1915, 1930-1995 MHz
	36.101, 5.5
	FDD Band 25

	26
	Frequency band: 814-849, 859-894 MHz
	36.101, 5.5
	FDD Band 26

	27
	Frequency band: 807-824, 852-869 MHz
	36.101, 5.5
	FDD Band 27

	28
	Frequency band: 703-748, 758-803 MHz
	36.101, 5.5
	FDD Band 28

	29
	Frequency band: N/A, 717-728 MHz
	36.101, 5. 5
	FDD Band 29

	30
	Frequency band: 2305-2315, 2350-2360 MHz
	36.101, 5.5
	FDD Band 30

	31
	Frequency band: 452.5-457.5, 462.5-467.5 MHz
	36.101, 5.5
	FDD Band 31

	...
	
	
	

	33
	Frequency band: 1900-1920, 1900-1920 MHz
	36.101, 5.5
	TDD Band 33

	34
	Frequency band: 2010-2025, 2010-2025 MHz
	36.101, 5.5
	TDD Band 34

	35
	Frequency band: 1850-1910, 1850-1910 MHz
	36.101, 5.5
	TDD Band 35

	36
	Frequency band: 1930-1990, 1930-1990 MHz
	36.101, 5.5
	TDD Band 36

	37
	Frequency band: 1910-1930, 1910-1930 MHz
	36.101, 5.5
	TDD Band 37

	38
	Frequency band: 2570-2620, 2570-2620 MHz
	36.101, 5.5
	TDD Band 38

	39
	Frequency band: 1880-1920, 1880-1920 MHz
	36.101, 5.5
	TDD Band 39

	40
	Frequency band: 2300-2400, 2300-2400 MHz
	36.101, 5.5
	TDD Band 40

	41
	Frequency band: 2496-2690, 2496-2690 MHz 
	36.101, 5.5
	TDD Band 41

	42
	Frequency band: 3400-3600, 3400-3600 MHz
	36.101, 5.5
	TDD Band 42

	43
	Frequency band: 3600-3800, 3600-3800 MHz
	36.101, 5.5
	TDD Band 43

	44
	Frequency band: 703-803, 703-803 MHz
	36.101, 5.5
	TDD Band 44


7. Conclusions

CR R5-151095 implements the changes proposed in this discussion paper.
Looking forward to lively discussion / improvement ideas.
