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1 Introduction
In RAN4#72bis meeting the way forward for on CA performance requirements applicability is agreed in [1] as following. 
Background

· CA performance requirements in chapter 8/9 are band agnostic

· Band specific UE performance are verified by RF receiver test defined in chapter 7

· Band agnostic CA performance requirements are supposed to be verified in one CA configuration

· CA test applicability rules are clarified in RAN4 #72 (R4-145422)

· Some operators have concern for CA performance requirements test coverage

· CA capability column in CA performance tests

· CA capability column was specified from Rel-10 and has been maintained up to now

· There is a concern from some companies that CA capability column is not useful but is causing confusion in RAN5

Way forward

· CA applicability

· For 2 DL CC, following CA capabilities are tested

· Inter-band CA

· Intra-band contiguous CA

· Intra-band non-contiguous CA

· CA capability for 3 DL CC is FFS

· For CA TM3 demodulation test, tests will be applied to one CA configuration from each CA capability supported by UE

· For other CA performance tests, tests will be applied to one CA configuration from one CA capability supported by UE. Tests include

· Normal demodulation test TM1, TM4

· Soft buffer tests

· Sustained data rate test

· CQI tests

· Applicability rule in section 8.1.2.2 will be revised to capture the agreements in RAN4 #73

· 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 discuss the need of CA capability column and provide alternative solution together with test definition for 2 and 3 DL CA and test structure proposals. In addition, we also discuss the need of introducing IRC test for CA.
2 CA capability column
As agreed from the way forward the CA capability tested are intra-band contiguous CA, inter-band CA and intra-band non-contiguous CA. This is a reasonable testing coverage due to the following reasons.

1. The RF implementation for different capability can be different from the 3 categories but not very much sensitive to the bandwidth.

2. With the new CA capability category for 3 DL CA the same CA capability can be applied for 3 DL CA with good balance on test number and test coverage.
3. In RAN5 the tests are already implemented in such new CA capability categories.

So it seems necessary to replace the existing CA capability to the newly agreed category as following proposed in [2]. Also update the CA capability column in the CA UE demodulation and CSI tests to make it consistent.
Table 8.1.2.2-1: Applicability of the requirement with respect to the CA capability

	CA Capability
	CA Capability Description

	CL_C
	Intra-band contiguous CA

	CL_A
	Inter-band CA

	CL_N
	Intra-band non-contiguous CA

	Note 1:
CL_C corresponds to E-UTRA CA configurations and bandwidth combination sets defined in Table 5.6A.1-1. CL_A corresponds to E-UTRA CA configurations and bandwidth combination sets defined in Table 5.6A.1-2 and Table 5.6A.1-2a. CL_N corresponds to E-UTRA CA configurations and bandwidth combination sets defined in Table 5.6A.1-3


Proposal 1: Replace the existing CA capability to the newly agreed category as Table above. Update the CA capability column in the CA UE demodulation and CSI tests to make it consistent.

From RAN4 point of view the CA capability column brings certain information on which CA capability can be supported by which CA bandwidth combinations. Without this column everyone has to go to the CA configuration tables under Chapter 5.6A from [1] to know exactly what CA bandwidths are supported by what CA capability, which is not very convenient from readable point of view. Also to point out the CA bandwidth combination tables as Table 5.6A.1-1, 5.6A.1-2, Table 5.6A.1-2a and 5.6A.1-3 are getting bigger and bigger with more and more CA bands and with more bandwidth combinations, hence it is time consuming to lock down certain CA configuration with certain CA capability. Also another similar example is the UE capability column. We can also say such info can be found from the RMC table and could be taken as redundant in the demodulation and CSI test itself but certainly it gives direct information as an easier reading than going into each RMC to have it confirmed. We think from RAN4 point of view the updated CA capability column only brings useful information as benefit and no disadvantage.
Proposal 2: The updated CA capability column from Proposal 1 should be kept in the existing CA UE performance tests due to the fact from RAN4 point of view such CA capability column only brings useful information as benefit and no disadvantage.
If certain problem can be identified from RAN5 with such updated CA capability column, then RAN5 should send an LS if such problem can be agreed as a common understanding from RAN5.

Proposal 3: If RAN5 has certain problem on such updated CA capability column a formal LS should be used for delivering information from RAN groups.

3 Test definition for 2 and 3 CCs
For the test definition for 2 and 3 CCs there are 2 options suggested in RAN4 for defining the demodulation and CSI tests for CA.

Option 1: Define tests with maximum bandwidth combination.
Option 2: Define tests with all possible bandwidth combinations.

For Option 1 was already agreed in [4] as following by taking the maximum bandwidth combinations. 
· Normal demodulation test 

· Specify normal demodulation tests based on single carrier performance requirement for 3DL CA and beyond.

· Define FRCs for all bandwidths with the same modulation order and code rate as existing 10MHz and 20MHz FRCs.

· Define tests with maximum bandwidth combination for 3DL CA and beyond.

· Interested companies could provide single cell simulation results for alignment next meeting. 

· The simulation assumptions are referred to R4-144309

If we want to reverse such agreement we would need to reach consensus during the meeting. The advantage of Option 1 is with well covered coverage for all the tests and the applicability rule is consistent and clear. The potential disadvantage of Option 1 is in future there is certain possibility with new CA band coming to the specification new tests need to be added accordingly. But as the general methodology has been agreed for normal demodulation tests single carrier requirement will be used. So even if there are more tests coming in, the effort to define such tests is pretty small without any need to recollect simulation results and so on.

For Option 2 the advantage we have seen is that it could potentially bring better test coverage. The drawback of this approach is in RAN5 and further GCF, that for some tests defined in this way with certain bandwidth combinations, there is even no such band to support such tests which is generally against the principle we define tests in RAN4. 

So at the moment we prefer to keep the agreed Option 1 for the test definition.

Proposal 4:  Keep agreed proposal for test definition to define tests with maximum bandwidth combination for 3DL CA and beyond.
Another important item is we should consider extending the same test definition to cover 2 CCs. With the agreement we had from last meeting from [1] to only test TM3 with each CA capability we see potential test gap to not to test TM1, TM4 if the UE vendors literally choose to test CA_27B for example with bandwidth as 10+5MHz. Also the current endorsed CR in [5] with 2 different tables to define 2 CCs tests already generates confusion from RAN5 side, so it seems favorable to combine the previous 2 CC tests together with new tests defined by the methodology using single carrier requirement. One solution can be to reuse the same test structure for 3 CCs on 2 CCs then define the requirement for 2 CCs also per CC with all possible supported maximum bandwidth combinations. For the existing ones we can simply reuse the current numbers. In this way we can align the structure and test methodology for both 2 CCs and 3 CCs, in the meanwhile, more importantly to have good enough test coverage.

Proposal 5: Extend tests to 2 CCs using same methodology to reuse single carrier requirement with applicability rule to apply tests with all possible supported maximum bandwidth combinations. Align the test structure of all 2 CCs tests together with 3 CC tests in order to have good test coverage.
4 IRC test for CA

It was proposed in [6] to introduce TM9 CA test within Rel-12 timeframe. With the intention to limit the test number there was a proposal to replace TM1 test with TM9. But actually TM1 has some typical user cases which can be used for CA deployment as important scenarios such as using 1 Tx antenna by leaky cable in trains. So we prefer to introduce new test for TM9 instead of replacing TM1 test.
Proposal 6: Define new TM9 CA tests in Rel-12 timeframe instead of replacing TM1 CA tests.

IRC was introduced in Rel-11 but then there is no any CA test with any advanced receiver feature. When we have NAICS in Rel-12 it’s still debated if CA can be supported for NAICS. With the current ongoing discussion it seems unlikely to define any NAICS test with CA. This means there is no test to ensure under CA deployment that the interference can be suppressed or cancelled in any way. Therefore it’s important in Rel-12 to introduce IRC CA tests with neighbouring cell interference in the test configuration.
Although IRC tests in Rel-11 were defined under cell edge scenarios IRC can be taken as a general feature to suppress the interference from neighbour cells. And from companies simulation results from [7] and [8] relatively stable gain has been observed under wide SINR ranges so it’s not necessary to define IRC CA tests with cell edge scenario in mind.
Observation 1: IRC can be taken as a general feature to suppress the interference from neighbour cells which is important to guarantee good performance with CA deployment.
Observation 2: Relatively stable good gain has been observed under wide SINR ranges so it’s not necessary to define IRC CA tests with cell edge scenario.

One concern can be foreseen is from the test equipment if enough number of faders can be supported. It might be a problem if numbers of interfering cells are considered. If we assume a test with 1 serving cell and 1 interfering cell with 2x2 antenna configurations with 3 CCs. It will make the channel fader equal to 2x2x(1+1)x3=24, which seems to be a reasonable number to be supported from the test equipment in Rel-12 timeframe to support CA tests with 3 CCs. To be noted for TM4 CA test with 3 CCs the number of faders is 4x2x3=24, which is the same number as the proposed one for IRC CA tests.
Observation 3: The number of faders supporting to IRC CA test is not a problem for test equipment designed to support 3 DL CA in Rel-12 timeframe.

With all the observations above we propose to introduce IRC CA test in Rel-12 timeframe in order to ensure the interference suppression functionality for CA. 

Proposal 7: Introduce IRC CA test in Rel-12 timeframe in order to ensure the interference suppression functionality for CA.
With the existing IRC tests it is good to reuse the same tests for IRC CA tests. One way is to duplicate the single carrier TM4/TM6 test and TM9/TM9 test in CA with both 2 and 3 CCs. There is no need to define tests for more than 3 CCs since this IRC feature should be well verified by the 2 and 3 CC tests. In addition, the TM9/TM9 IRC CA test can be combined with the TM9 CA test in order to limit the test number.
Proposal 8: Duplicate the single carrier TM4/TM6 test and TM9/TM9 test in CA with both 2 and 3 CCs.

Proposal 9: No need to define IRC CA tests for more than 3 CCs since this IRC feature should be well verified by the 2 and 3 CC tests.

Proposal 10: TM9/TM9 IRC CA test can be combined with TM9 CA test in order to limit the test number. Furthermore to combine TM4/TM6 IRC CA test with TM4 CA test can be considered for further limiting the test number.
5 Conclusions

In this contribution we provide the analysis on the applicability rules for CA UE performance tests with the following proposals and also bring background of the CRs to fix errors on CA capability.
CA capability column

Table 8.1.2.2-1: Applicability of the requirement with respect to the CA capability

	CA Capability
	CA Capability Description

	CL_C
	Intra-band contiguous CA

	CL_A
	Inter-band CA

	CL_N
	Intra-band non-contiguous CA

	Note 1:
CL_C corresponds to E-UTRA CA configurations and bandwidth combination sets defined in Table 5.6A.1-1. CL_A corresponds to E-UTRA CA configurations and bandwidth combination sets defined in Table 5.6A.1-2 and Table 5.6A.1-2a. CL_N corresponds to E-UTRA CA configurations and bandwidth combination sets defined in Table 5.6A.1-3


Proposal 1: Replace the existing CA capability to the newly agreed category as Table above. Update the CA capability column in the CA UE demodulation and CSI tests to make it consistent.

Proposal 2: The updated CA capability column from Proposal 1 should be kept in the existing CA UE performance tests due to the fact from RAN4 point of view such CA capability column only brings useful information as benefit and no disadvantage.
Proposal 3: If RAN5 has certain problem on such updated CA capability column a formal LS should be used for delivering information from RAN groups.

Test definition for 2 and 3 CCs

Proposal 4:  Keep agreed proposal for test definition to define tests with maximum bandwidth combination for 3DL CA and beyond.
Proposal 5: Extend tests to 2 CCs using same methodology to reuse single carrier requirement with applicability rule to apply tests with all possible supported maximum bandwidth combinations. Align the test structure of all 2 CCs tests together with 3 CC tests in order to have good test coverage.

IRC Test for CA

Observation 1: IRC can be taken as a general feature to suppress the interference from neighbour cells which is important to guarantee good performance with CA deployment.

Observation 2: Relatively stable good gain has been observed under wide SINR ranges so it’s not necessary to define IRC CA tests with cell edge scenario.

Observation 3: The number of faders supporting to IRC CA test is not a problem for test equipment designed to support 3 DL CA in Rel-12 timeframe.

Proposal 6: Define new TM9 CA tests in Rel-12 timeframe instead of replacing TM1 CA tests.

Proposal 7: Introduce IRC CA test in Rel-12 timeframe in order to ensure the interference suppression functionality for CA.
Proposal 8: Duplicate the single carrier TM4/TM6 test and TM9/TM9 test in CA with both 2 and 3 CCs.

Proposal 9: No need to define IRC CA tests for more than 3 CCs since this IRC feature should be well verified by the 2 and 3 CC tests.

Proposal 10: TM9/TM9 IRC CA test can be combined with TM9 CA test in order to limit the test number. Furthermore to combine TM4/TM6 IRC CA test with TM4 CA test can be considered for further limiting the test number.
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