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1 Introduction
In the past few meetings it was recognized that tests set up defined for carrier aggregation in Rel-10 cover only a limited amount of carrier aggregation combinations/configurations. No new tests were added.

In Rel-11 more CA configurations and bandwidth combinations are defined or going to be defined, so the coverage of the CA UE demodulation tests from Rel-10 need to be extended accordingly.

In future release (Rel-12 and beyond), new CA configurations may be included, and the tests should be added if needed depending on the specific test purpose.  A generic approach would be beneficial. 

The current CA UE demodulation/CSI tests in Rel-11 are summarized as following:

· Regular UE demodulation performance test:

· FDD – all 2x10 (TM 1, 3, 4), 2x20 for TM1 and TM3

· TDD – all 2x20 (TM 1, 3, 4)

· Soft buffer management test:

· FDD 2x20 (TM3)

· TDD 2x20 (TM3)

· Power imbalance test:
· Only for intra-band, 2x20.

· Sustained data rate test:
· FDD: 2x20

· TDD: 2x20

· CA periodic CQI test:
· FDD: 2x10

· TDD: 2x20

In Rel-11 the current list of carrier aggregation combination is reported here:
Table 5.6A.1-1: E-UTRA CA configurations and bandwidth combination sets defined for intra-band contiguous CA

	CA Configuration
	 10 + 20 MHz
	 15 + 15 MHz
	 15+ 20 MHz
	 20 + 20 MHz
	Maximum aggregated bandwidth

[MHz]
	Bandwidth Combination Set
	Demod test
	Soft buffer
	Power imbalance
	Sustained data rate
	CQI test

	CA_1C
	
	Yes
	
	Yes
	40
	0
	YES for TM 1 and TM3, TM4 test not applicable
	YES
	YES
	YES
	Not applicable

	CA_7C
	
	Yes
	
	Yes
	40
	??
	YES* for TM 1 and TM3, TM4 test not applicable
	YES*
	YES*
	YES*
	Not applicable

	CA_38C
	
	Yes
	
	Yes
	30
	??
	YES*
	YES*
	YES*
	YES*
	YES*

	CA_40C
	Yes
	Yes
	
	Yes
	40
	0
	YES
	YES
	YES
	YES
	YES

	CA_41C
	Yes
	Yes
	Yes
	Yes
	40
	0
	YES
	YES
	YES
	YES
	YES


* This is valid if the bandwidth combination set is 0 only. In case there is a new combination set defined with less than 40MHz aggregation then the test won’t be applicable.

Table 5.6A.1-2: E-UTRA CA configurations and bandwidth combination sets defined for inter-band CA

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

[MHz]
	B. Comb.

Set
	Demod test
	Soft buffer
	Sustained data rate
	CQI test

	CA_1A-5A
	1
	
	
	
	Yes
	
	
	20
	0
	YES
	NA
	NA
	YES

	
	5
	
	
	
	Yes
	
	
	
	
	
	
	
	

	CA_1A-18A
	1
	
	
	Yes
	Yes
	Yes
	Yes
	35
	
	YES*
	NA
	NA
	YES*

	
	18
	
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	CA_1A-19A
	1
	
	
	Yes
	Yes
	Yes
	Yes
	35
	0
	YES
	NA
	NA
	YES

	
	19
	
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	CA_1A-21A
	1
	
	
	Yes
	Yes
	Yes
	Yes
	35
	
	YES*
	NA
	NA
	YES*

	
	21
	
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	CA_2A-17A
	2
	
	
	Yes
	Yes
	
	
	20
	
	YES*
	NA
	NA
	YES*

	
	17
	
	
	Yes
	Yes
	
	
	
	
	
	
	
	

	CA_3A-5A
	3
	
	
	
	Yes
	Yes
	Yes
	30
	0
	YES
	NA
	NA
	YES

	
	5
	
	
	Yes
	Yes
	
	
	
	
	
	
	
	

	
	3
	
	
	
	Yes
	
	
	20
	1
	YES
	NA
	NA
	YES

	
	5
	
	
	Yes
	Yes
	
	
	
	
	
	
	
	

	CA_3A-7A
	3
	
	
	Yes
	Yes
	Yes
	Yes
	40
	
	YES*
	YES
	YES
	YES*

	
	7
	
	
	
	Yes
	Yes
	Yes
	
	
	
	
	
	

	CA_3A-20A
	3
	
	
	Yes
	Yes
	Yes
	Yes
	30
	
	YES*
	NA
	NA
	YES*

	
	20
	
	
	Yes
	Yes
	
	
	
	
	
	
	
	

	CA_4A-12A
	4
	Yes
	Yes
	Yes
	Yes
	
	
	20
	
	YES*
	NA
	NA
	YES*

	
	12
	
	
	Yes
	Yes
	
	
	
	
	
	
	
	

	CA_4A-13A
	4
	
	
	Yes
	Yes
	Yes
	Yes
	30
	
	YES*
	NA
	NA
	YES*

	
	13
	
	
	
	Yes
	
	
	
	
	
	
	
	

	CA_4A-17A
	4
	
	
	Yes
	Yes
	
	
	20
	0
	YES
	NA
	NA
	YES

	
	17
	
	
	Yes
	Yes
	
	
	
	
	
	
	
	

	CA_7A-20A
	7
	
	
	
	Yes
	Yes
	Yes
	30
	
	YES*
	NA
	NA
	YES*

	
	20
	
	
	Yes
	Yes
	
	
	
	
	
	
	
	


* This may depend on the bandwidth combination set definition.

Note that there are more band combinations which will come into Table 5.6A.1-2 within Rel-11 timeframe. As example the band combination CA_1A-7A will be introduced in the context of Rel-11 as such.
	CA_1A-7A
	1
	
	
	
	Yes
	Yes
	
	
	
	YES
	NA
	NA
	YES

	
	7
	
	
	
	Yes
	Yes
	Yes
	
	
	
	
	
	


Note that the configurations supported by this band combinations have been recently changed, see ([1]). 

Highlighted in the above tables are the cases for which no test is defined and for which a discussion is needed on whether there is the need to extend the coverage.
In [2, 3] the following items are mentioned as possible issues that need to be addressed:
1. Bandwidth Combination Sets:

a. Smaller number of maximum aggregated bandwidth (with respect to the maximum which depends on the CA configuration) may be defined via Bandwidth Combination Sets based on companies’ inputs.

b. Issues to be discussed for both FDD and TDD:

i. As prerequisite, should Bandwidth Combination Sets  be finalized before setting a general way to extend the test coverage?

2. Can we apply the same band agnostic testing handling in Rel-11?

a. Discuss further for power imbalance test

b. For other tests legacy handling can be considered

3. FDD intra-band CA combinations

a. All the operating bands for CA as defined in Rel-11 support 20MHz+20MHz , but does not support 10MHz+10MHz.

b. Problem to be solved:

i. Do we need to introduce new tests (new tests or new configuration of existing tests or other. The configurations of new tests are FFS)?

4. FDD inter-band CA combinations

a. All the operating bands for CA as defined now support 10MHz+10MHz (a part from CA_1A_7A).

b. Some of the operating bands for CA support higher bandwidth combinations (i.e., 10MHz+15MHz, 15MHz+15MHz, 20MHz+10MHz, 20MHz+15MHz, 20MHz+20MHz).

c. Problem to be solved:

i. Do we need to introduce new tests (new tests or new configuration of existing tests or other. The configurations of new tests are FFS)?

ii. For which tests the maximum capability needs to be tested?

· Companies are encouraged to provide their view on the above mentioned questions

The way forward agreed in the last meeting was:

· Regular FDD CA demodulation performance tests: 

· It was agreed that the different bandwidth combinations can be covered by existing CA demodulation requirements
· Further discussions are needed for TM4.

· Further discuss the handling of CA 1A_7A (no support of 10+10 and 20+20) if needed. 

· Sustained data rate tests for CA FDD:

· It was agreed to introduce new sustained data rate tests to verify UE maximal receiving capability for CA.

· It is for further study which bandwidth combinations and which UE categories should be specified for new tests.

· The link between the introduction of new tests and the definition of bandwidth combination sets should be also discussed further.

In the following are going to discuss the issues and provide proposals on how to extend the test coverage.

1.1 Bandwidth Combination Set

The bandwidth combination set is a parameter which indicates which subset of the possible carrier aggregation configuration is actually supported by the UE. 0 is a value which means that the maximum aggregated bandwidth is supported. So far, only in one case bandwidth combination set =1 is defined (CA 3A_5A where bandwidth combination set=1 means that up to 10+10 MHz is supported rather than 20+20). The bandwidth combination sets are defined mainly to allow for implementation optimizations for early CA deployment, i.e. to target most typical deployments. It can be noticed that this is not defined for all the CA configurations, and it shall be finalized in the future according to operators wish and UE implementation complexity tradeoffs. However, it can be anticipated that at least the bandwidth combination sets which include 20+20MHz for intra-band CA and 10+10 for inter-band CA will be present. 

If we consider this assumption as valid we can do abstraction from the bandwidth combination set and extend the coverage in order to solve the issues related to these set of configuration. 

Proposal 1. Suppose that at least the bandwidth combination sets which include 20+20MHz for intra-band CA and 10+10 for inter-band CA will be applicable to all the carrier aggregation configurations. 
1.2 Band agnostic testing

Until Rel-10, in order to limit the amount of conformance testing, it has been decided to define the tests in a band agnostic manner, i.e. the test is defined in a generic way and the performance requirement is applicable independently of the band. The test is conducted by select a band which the UE declares support of. 

This limits considerably the testing effort and avoids repeating all the performance tests for all the bands or band combination supported by the UE.
We think that the same handling as for legacy tests can be reused in case of LTE carrier aggregation, i.e. a single band combination can be selected for the purpose of conformance testing.
Proposal 2. We think that the same handling as for legacy tests can be reused in case of LTE carrier aggregation, i.e. a single band combination can be selected for the purpose of conformance testing. Performance tests can be done in a band agnostic manner. An LS can be provided to RAN 5.
It was highlighted during the discussion in the previous meeting that the power imbalance test could be considered as band dependent.

The power imbalance test relies highly on the image rejection capability of the UE.

The image rejection capability of the UE is defined in section 7.10.1A of 36.101 and it is a requirement which is valid for all the bands. 

While it is acknowledged that the gain and phase imbalance is frequency dependent and hence the actual performance in terms of image rejection may slightly vary depending on the bands, it is also understood that the UE has to be designed such that the requirements in 7.10.1A of 36.101 are fulfilled, i.e. 25dB image rejection ratio should be achieved. 

The power imbalance test is based on the assumption that the UE comply with the image rejection ratio = 25dB as defined in the specification.

Hence, in order to reduce the amount of testing, it is proposed to use the same band agnostic handling also for power imbalance test.

Proposal 3: Consider the same band agnostic handling also for power imbalance test.

1.3 FDD intra-band combinations

For intra-band configuration the main issue comes from the fact that TM4 tests are defined only with 10+10 configuration, while most of the intra-band FDD configurations do not support this aggregation.
TM1 and TM3 tests instead are defined for both 10+10 and 20+20.

Proposal 4: It is beneficial to add TM4 related tests with 2x20 configuration. This test will be applicable only to CL_C.  

The proposal in [4] can be used in order to extend the test coverage. Whether the same performance requirement can still be considered need to be investigated via simulation.
Initial simulation results confirm what was anticipated in [4]. The simulation is run by considering test in 8.2.1.4.3 of 36.101 but with 20+20 configuration rather than 10+10 with the same PDSCH allocation as in the legacy test. PMI subband size has been changed accordingly.
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Figure 1. Relative throughput performance comparing the results of test defined in 8.2.1.4.3 of 36.101 with 10+10 vs  20+20 configuration.
Proposal 4b: It is concluded that the same performance requirements can be used with this methodology.
Additionally CQI tests (AWGN based with wideband reporting) are defined only for 10+10 MHz. 
CQI tests are important to be tested. There is a single CQI test defined for carrier aggregation and this has to be applicable for all the configurations.

The CQI test is independent of the PDSCH allocation and all the PDSCH space is filled with OCNG. Of course CRSs should be present as the CQI is based on CRSs. 

If the system bandwidth is changed according to the bandwidth configuration supported by the UE the results may change due to possible higher number of CRSs available (wideband measurement).  

The CQI test verifies that the following 


wideband CQIPcell – wideband CQIScell ≥ 2
is verified 90% of the time.

This can be rewritten as

CDF wideband CQIPcell – wideband CQIScell (2) < 10%

Wideband CQI is an average CQI over the entire bandwidth. If now the bandwidth is extended intuitively the CDF of the CQI will be steeper. This will make sure that the requirement is not more difficult to fulfil than the original one (this can be easily seen by considering the CQI as a Gaussian random variable).

Hence it can be concluded that the same requirements is applicable also for cases when the system bandwidth is larger than 10+10.

Proposal 5: CQI test should be defined for all the band combinations. Define the CQI test in a system band agnostic manner applicable to 20MHz as well. The same requirements can be applicable. This test will be applicable only to CL_C.
1.4 FDD inter-band combinations
1.4.1 Regular demodulation tests 

In case of inter-band combinations it was agreed that the different bandwidth combinations can be covered by existing CA demodulation requirements, and than more discussions were needed for TM4. Regular demodulation tests are not used to verify the maximum capability of the UE but rather to make sure that in typical deployment conditions the performance are good enough.

10MHz deployment can be safely considered as the most typical deployment scenario; hence it is proposed that 10+10MHz configuration is enough for regular demodulation tests. 
However, there may be cases when the band combination does support neither 10+10 nor 20+20 configuration. In that case a more generic approach should be considered in order to make sure that the regular demodulation tests can be performed. However, note that for the time being there are no such band combinations and in the future, if such band combinations will be defined the methodology proposed in [4] could be used in order to extend the coverage. 

Proposal 6: All band combinations support 10+10MHz. It is proposed that 10+10MHz configuration is enough for regular demodulation tests.  If new band combinations are defined in the future which do not support 10+10 the proposal in [4] can be considered as a possible way to extend the coverage.

1.4.2 Soft buffer tests

Soft buffer management test has been defined for 20+20MHZ. However most of the inter-band FDD CA combinations do not support 20+20MHz. Hence this test can not be run in case the UE do not support any band combination with 20+20MHz. 
Soft Buffer Management test was introduced to make sure that the correct soft buffer handling as specified in RAN 1 is implemented.

With multiple serving carriers, UE may not be able to store all received soft channel bits in the soft buffer. UE would need an instantaneous buffer to store the received soft bits for decoding and discard bits that cannot be stored in the soft buffer after decoding.
Some companies showed during the analysis [5, 6, 7] that 10+10 MHz as well can be affected by a wrong soft buffer implementation for cat 3 and 4. 
The scenario proposed in [7] for 10+10 is reported in the following.
Table 1. Scenario proposed in [113806].
	Channel BW
	MCS
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value
	Applicable UE categories/capabilities

	
	
	
	
	Fraction of Maximum Throughput
	SNR (dB)
	UE Cat
	MIMO
capability
(1)
	CA capability
(2)

	2 x 10 MHz
	64QAM
3/4 
	EVA5
	2x2 low
	TBD
	TBD
	3
	2
	xA-yA, xB, or xC


After discussion this set up was not considered as suitable for the definition of performance requirements because 
1. The difference between the performance obtained with and without instantaneous buffer was not sufficiently high to allow for proper requirements (around 1dB which can be covered by the implementation margin [7].

2. The SNR level where instantaneous buffer led to substantial degradation of the performance compared to the case with instantaneous buffer was considered to be too high (~23dB) which can be problematic for the RF [8, 6]. 
In the following performance are provided for 2 cases: Figure 2 shows the performance for the following cases

1. Same conditions as Test 2 in Table 8.2.1.3.1-2 in 36.101 UE category 3, but with 10+10 configuration, where the transport block sizes is taken from 36.213 for 50PRBs.
2. Same conditions as Test 3 in Table 8.2.1.3.1-2 in 36.101 UE category 3, but with 10+10 configuration, where the transport block sizes is taken from 36.213 for 50PRBs.
3. The test proposed in Table 1 with EVA70 rather than AWGN.
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Figure 2. Soft buffer performance, throughput vs SNR.
The case 3 shows some non negligible difference in the medium/high SNR region. It seems that this test set up is suitable for a new soft buffer test when 10+10 is configured. Simulation results from other companies are welcome before concluding on a possible test point.
Proposal 7: Consider defining a new instantaneous buffer test for 10+10. A possible set up for further analysis is as provided in [7] with fading channel conditions. Other set up can be also discussed.
1.4.3 Sustained data rate tests for CA FDD
Again for SDR the test is only defined for 20+20MHZ, while most of the FDD inter-band combinations do not support up to 40MHz aggregated but from 20 to 35MHz depending on the combinations.

The purpose of the test is to verify that the Layer 1 and Layer 2 correctly process in a sustained manner the received packets corresponding to the maximum number of DL-SCH transport block bits received within a TTI for the UE category indicated. 

It is important to extend the coverage to make sure that independently of the band combination chosen for the purpose of conformance testing at least one configuration is sustainable by the UEs. In principle the following cases would need to be defined:
20+15 MHz

20+10 MHz

15+15 MHz
15+10 MHz
10+10 MHz

However, by considering that the most deployed bandwidth are 10+10 and 20+20 and in order to limit the amount of tests to be added we propose here to define a new SDR for 10+10 configuration.

Moreover it should be noted that the only inter-frequency carrier aggregation configuration supported in Rel-10 (1A-5A) does not support 20+20 and hence no SDR is testable for rel-10 inter-frequency carrier aggregation. Hence, it would be beneficial to apply this test also to Rel-10.
Proposal 8: by considering that the most deployed bandwidth are 10+10 and 20+20 and in order to limit the amount of tests to be added we propose here to define a new SDR for 10+10 configuration.
Proposal 9: apply this new SDR test also to Rel-10.

1.4.4 CQI
All the band combinations now supports 10+10MHz configuration. Hence it is proposed that the current test coverage is enough and no new tests need to be introduced.
Proposal 10: Do not introduce new tests for CQI.

2  Conclusions
In the previous sections we have proposed how to extend the test coverage.

The summary is as follows:
· Add 1 TM 4 test for 20+20MHz applicable for CL_C. The same requirements as for 10+10 can be considered.
· Add 1 CQI test for 20+20MHz applicable for CL_C by applying the same requirement.

· Add 1 test for soft buffer limitation with 10+10 to be applicable to CL_A-A. 

· Add test for 10+10, for SDR  and apply it to REl-10 as well.
In conclusion the proposals are as follows:
Proposal 1. Suppose that at least the bandwidth combination sets which include 20+20MHz for intra-band CA and 10+10 for inter-band CA will be applicable to all the carrier aggregation configurations. 

Proposal 2. We think that the same handling as for legacy tests can be reused in case of LTE carrier aggregation, i.e. a single band combination can be selected for the purpose of conformance testing. Performance tests can be done in a band agnostic manner. An LS can be provided to RAN 5.
Proposal 3: Consider the same band agnostic handling also for power imbalance test.

Proposal 4: It is beneficial to add TM4 related tests with 2x20 configuration. This test will be applicable only to CL_C.

Proposal 4b: It is concluded that the same performance requirements can be used with this methodology.

Proposal 5: CQI test should be defined for all the band combinations. Define the CQI test in a system band agnostic manner applicable to 20MHz as well. The same requirements can be applicable. This test will be applicable only to CL_C.

Proposal 6: All band combinations support 10+10MHz. It is proposed that 10+10MHz configuration is enough for regular demodulation tests.  If new band combinations are defined in the future which do not support 10+10 the proposal in [4] can be considered as a possible way to extend the coverage.

Proposal 7: Consider defining a new instantaneous buffer test for 10+10. A possible set up for further analysis is as provided in [7] with fading channel conditions. Other set up can be also discussed.
Proposal 8: by considering that the most deployed bandwidth are 10+10 and 20+20 and in order to limit the amount of tests to be added we propose here to define a new SDR for 10+10 configuration.
Proposal 9: Apply this new SDR test also to Rel-10.

Proposal 10: Do not introduce new tests for CQI.
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