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1. Introduction
In CA performance requirements tables defined in TS 36.101, CA capability is specified for each test with different bandwidth combination. In previous RAN4 meeting, we provided discussion paper [1] and CR [2] to remove CA capability column, which was not agreed since companies have different understanding on the need for CA capability column. Instead, it was agreed in WF [3] that RAN4 continue discussion on this issue. 
· CA capability column in CA performance tests
· Companies that want to keep/remove CA capability column to provide analysis on the benefit of keeping/removing it
· Analysis could include
· Information provided by CA capability column
· Implication of CA capability column on RAN5 work
· CA capability column for 3 DL CA
· Analysis on other aspects are not precluded
In this contribution, we provide our analyses on this issue. 
2. Discussion
2.1. CA performance requirements are band/bandwidth agnostic
Band/bandwidth agnostic principle was introduced in LTE from Rel-8 to avoid explosion of number of test points from combination of band and bandwidth LTE UE has to support and can be summarized as
· UE’s band specific and/or bandwidth specific receiver performance is verified in RF tests defined in chapter 7 of 36.101. RF receiver characteristics are tested in all band/bandwidth supported by UE. For CA UE, RF receiver characteristics are verified in all CA configurations and bandwidth combinations supported by UE. 
· Demodulation and CSI reporting performance requirements defined in chapter 8/9 of 36.101 is supposed to verify UE’s baseband implementation which is common to all band/CA configuration. Also, it was assumed that, if UE’s baseband implementation is verified in one bandwidth/bandwidth combination, same performance is guaranteed for other bandwidths/bandwidth combinations. 
· UE needs to fulfill demodulation and CSI reporting performance requirements in only one band for one bandwidth. That’s why all of single carrier performance requirements are defined for one bandwidth. 
· CA UE needs to fulfill demodulation and CSI reporting performance requirements in only one CA configuration for one bandwidth combination. 

Table 1. CA performance for TM3 demodulation test

	Test num
	Bandwidth
	Reference channel
	OCNG pattern
	Propa-

gation condi-tion
	Correlation matrix and antenna config.
	Reference value
	UE category
	CA capa-

bility

	
	
	
	
	
	
	Fraction of maximum

Throughput (%)
	SNR (dB)
	
	

	1

(Note 2)
	2x10 MHz
	R.11 FDD
	OP.1 FDD (Note 1)
	EVA70
	2x2 Low
	70
	13.7
	≥3
	CL_A-A

CL_B

	1C
	2x5 MHz
	R.11-2 FDD
	OP.1 FDD
	EVA70
	2x2 Low
	70
	12.7
	≥2
	CL_A-A, CL_B

	1D
(Note 2)
	10MHz+5MHz
	R.11 FDD for 10MHz CC, 
	OP.1 FDD (Note 1)
	EVA70
	2x2 Low
	70
	13.0
	≥3
	CL_A-A

	
	
	R.11-2 FDD for 5MHz CC
	OP.1 FDD (Note 1)
	
	
	70
	12.7
	
	

	2

(Note 2)
	2x20 MHz
	R.30 FDD
	OP.1 FDD (Note 1)
	EVA70
	2x2 Low
	70
	13.2
	≥5
	CL_C

	Note 1:
The OCNG pattern applies for each CC.

Note 2:
For CA UE, if CA configuration under test is CL_C, test 2 is applied. Otherwise, test 1 is applied. 

Note 3: 
The applicability of requirements for different CA configurations and bandwidth combination sets is defined in 8.1.2.3.


For example, if a non-CA UE supports 8 band, RF characteristics are verified for all band and bandwidth, i.e., 8 band x 6 bandwidth = 48 band/bandwidth. However, demodulation and CSI performance requirements need to be tested only once in one band and bandwidth. Bandwidth is given by test case itself and any one band can be selected for test execution. 
For CA UE, RF characteristics are verified for all CA configuration and bandwidth combination. Since bandwidth combinations supported by CA configurations are different, RAN4 could not find common bandwidth combination supported by all CA configuration and thus had to define CA performance requirements for multiple bandwidth combinations as shown in table 1. Note that, even though CA performance tests are defined for multiple bandwidth combination, UE is required to fulfill test for one bandwidth combination in one CA configuration. Recently, RAN4 introduced specification text [4] into 36.101 to clarify how bandwidth combination for different CA performance tests are selected when CA tests are defined for multiple bandwidth combination. 
Performance requirement point of view, CA tests are defined to cover all different CA RF architecture and same requirement number is specified irrespective of CA capability. In table 1, CA capability of 2x10MHz test was specified as CL_A_A in Rel-10 but CL_B was added in Rel-12 without modifying CINR requirement number. This implies that same level of RF impairment was assumed for all CA RF architecture when defining CA performance requirement. RAN4 should have specified 2x10MHz test with no CA capability and made the test usable for any CA RF architecture. 

Also, it should be noted that CA capability column in existing CA performance tests is actually specifying bandwidth class, i.e., CL_C, CL-B or CL_A_A, and does not have direct implication with CA RF architecture. For example, CL_A_A could be inter-band CA or intraband non-contiguous CA. Also, both CL_B and CL_C correspond to intraband contiguous CA but with different aggregated bandwidth. Thus, it does not make sense to argue that we need to keep CA capability column to differentiate CA performance for different CA RF architecture. 
There was a request from some operators that RAN4 may have to increase test coverage of CA performance requirements. In RAN4 72bis, it was agreed as in [3] that band agnostic principle for CA performance requirements is slightly relaxed by allowing TM3 demodulation tests to be applicable to one CA configuration from each CA capability supported by UE. For 2 DL CA, following 3 CA capabilities were identified, i.e., inter-band CA, intraband contiguous CA and intraband non-contiguous CA. On the other hand, other CA tests will follow Rel-8 band agnostic principle and test will be applied to one CA configuration supported by UE independent of CA capability. 
Observation 1. CA demodulation and CSI reporting performance requirements are defined in band agnostic way and is applicable to one CA configuration independent of CA capability. CA configuration for test execution can be selected from any CA capability. 
Observation 2. CA capability column is specifying bandwidth class and does not have one-to-one correspondence with CA RF architecture.

2.2. CA performance requirements are release independent
In Rel-10, RAN4 introduced only two inter-band CA configuration for FDD and one intraband contiguous CA for TDD. As typical bandwidth combination for CA performance tests, 2x10MHz was selected for FDD and 2x20MHz were selected for TDD. As more CA configurations were introduced in Rel-11/12, there came out CA configurations that do not support 2x10MHz for FDD or 2x20MHz for TDD. That’s why RAN4 had to duplicate same tests for 2x20MHz in Rel-11 and for 2x5MHz and 5MHz+10MHz in Rel-12 for FDD. For TDD, RAN4 is now introducing 20MHz+15MHz test in Rel-12. For soft buffer management test and sustained data rate test, RAN4 had to introduce tests with various bandwidth combinations since bandwidth combination with maximum aggregated bandwidth is used for these tests. 
On the other hand, CA configurations are supposed to be release independent similar to band support in UE. For example, when a new CA configuration is introduced in Rel-11 specification, it is assumed that Rel-10 UE can also implement Rel-11 CA configuration. There could be two specification methodology to support release independence. 
· Option 1: Introduce RF specification for new CA configurations from Rel-10 specification. 
· Option 2: Introduce RF specification for new CA configurations from Rel-11 specification. In order to allow Rel-10 UE to implement new CA configurations, separate specification, i.e., TS 36.307, was introduced to specify release independent performance requirements. In Rel-10 version of TS36.307, we can find specification saying that band specific RF/RRM requirements for new CA configurations introduced in Rel-11/12 can be applicable to Rel-10 UE. 
RAN4 chose to follow option 2 and release independence of CA configurations can be identified by referring to both TS 36.101 and TS 36.307. 
For CA performance requirements, RAN4 had to rely on TS 36.307 to clarify release independence since (1) CA performance tests for different bandwidth combinations are introduced from different releases and (2) CA capability column was unnecessarily specified. At least, for CA performance requirements, it could have been much better to specify release independence by following option 1. 
Observation 3. Release independent nature CA performance requirements could have been specified by introducing CA performance requirements for different bandwidth combination from Rel-10. 

2.3. Implication on RAN5 work
RAN5 uses 36.101 as reference for specification work in RAN5. For CA TM3 demodulation test, Rel-10/11 and Rel-12 specification has different table as shown below. 
· Rel-12 table has additional test with 2x5MHz and 10MHz+5MHz. 

· 2x10MHz has CA capability of CL_A_A in Rel-10/11 but CL_A_A and CL_B in Rel-12 specification. 

Based on this specification structure, RAN5 decided to define separate section for CA TM3 demodulation test, i.e., for inter-band, intraband contiguous and intraband non-contiguous CA. From specification point of view, this is unnecessary since CA performance requirements are supposed to be independent of CA configuration and bandwidth combination. Having separate section for different CA RF architecture would increase unnecessary editorial work in RAN5 but would not provide any benefit or new information compared to having single section for CA performance requirements. Also, going forward for 3 DL CA, having separate section for CA performance requirements for different CA RF architecture would become a huge burden in RAN5 work. 
Observation 4. Current specification structure for CA performance requirements caused unnecessary confusion in RAN5 work and led to RAN5 to specify 3 separate sections for same CA performance tests. 
Table 8.2.1.3.1-4: Minimum performance Large Delay CDD (FRC) for CA – Rel10/11
	Test num.
	Band-width
	Referencechannel
	OCNG pattern
	Propa-

gation condi-tion
	Correlation matrix and antenna config.
	Reference value
	UE cate-

gory
	CA capa-

bility

	
	
	
	
	
	
	Fraction of maximum

Throughput (%)
	SNR (dB)
	
	

	1 (Note 2)
	2x10 MHz
	R.11 FDD
	OP.1 FDD (Note 1)
	EVA70
	2x2 Low
	70
	13.7
	3-8
	CL_A-A

	2 (Note 2)
	2x20 MHz
	R.30 FDD
	OP.1 FDD (Note 1)
	EVA70
	2x2 Low
	70
	13.2
	5-8
	CL_C

	Note 1:
The OCNG pattern applies for each CC.

Note 2:
Void.

Note 3: 
The applicability of requirements for different CA configurations and bandwidth combination sets is defined in 8.1.2.3.


Table 8.2.1.3.1-4: Minimum performance Large Delay CDD (FRC) for CA – Rel12
	Test num
	Bandwidth
	Reference channel
	OCNG pattern
	Propa-

gation condi-tion
	Correlation matrix and antenna config.
	Reference value
	UE category
	CA capa-

bility

	
	
	
	
	
	
	Fraction of maximum

Throughput (%)
	SNR (dB)
	
	

	1

(Note 2)
	2x10 MHz
	R.11 FDD
	OP.1 FDD (Note 1)
	EVA70
	2x2 Low
	70
	13.7
	≥3
	CL_A-A

CL_B

	2

(Note 2)
	2x20 MHz
	R.30 FDD
	OP.1 FDD (Note 1)
	EVA70
	2x2 Low
	70
	13.2
	≥5
	CL_C

	3
	2x5 MHz
	R.11-2 FDD
	OP.1 FDD
	EVA70
	2x2 Low
	70
	12.7
	≥2
	CL_B

	4
	10MHz+5MHz
	R.11 FDD for 10MHz CC, 
	OP.1 FDD (Note 1)
	EVA70
	2x2 Low
	70
	13.0
	≥3
	CL_A-A

	
	
	R.11-2 FDD for 5MHz CC
	OP.1 FDD (Note 1)
	
	
	70
	12.7
	
	

	Note 1:
The OCNG pattern applies for each CC.

Note 2:
Void

Note 3: 
The applicability of requirements for different CA configurations and bandwidth combination sets is defined in 8.1.2.3.


3. Conclusion

In this contribution, we provided our analyses on the need to remove CA capability column in CA performance requirements. Observations from our analyses are

Observation 1. CA demodulation and CSI reporting performance requirements are defined in band agnostic way and is applicable to one CA configuration independent of CA capability. CA configuration for test execution can be selected from any CA capability. 

Observation 2. CA capability column is specifying bandwidth class and does not have one-to-one correspondence with CA RF architecture.

Observation 3. Release independent nature CA performance requirements could have been specified by introducing CA performance requirements for different bandwidth combination from Rel-10. 

Observation 4. Current specification structure for CA performance requirements caused unnecessary confusion in RAN5 work and led to RAN5 to specify 3 separate sections for same CA performance tests. 

Based on our analyses, we would like to propose following. 

Proposal 1. Remove CA capability column from existing 2 CA tests. Add a note that power imbalance test is applicable only to intraband contiguous CA. 

Proposal 2. Don’t introduce CA capability column in CA performance tests for 3 DL CA and beyond. 

Proposal 3. For 3 DL CA, introduce tests for all possible bandwidth combination from Rel-12. 
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