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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. 
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.  

The current CA UE demodulation/CSI tests in Rel-11 are summarized as following. Highlighted in yellow the agreements achieved in RAN 4 #66 which solve some of the open issues.
· Regular UE demodulation performance test:

· FDD – all 2x10 (TM 1, 3, 4), 2x20 for (TM1, TM3, TM4) 
· TDD – all 2x20 (TM 1, 3, 4)

· Soft buffer management test:

· FDD 2x20 (TM3)

· TDD 2x20 (TM3)
· Options are being discussed

· Power imbalance test:
· Only for intra-band, 2x20. There is no need to add or change power imbalance tests in Rel-10/11;
· Sustained data rate test:
· FDD: 2x20

· TDD: 2x20
· Options are being discussed

· CA periodic CQI test:
· FDD: 2x10, 2x20
· TDD: 2x20
In meeting RAN 4 #66 the options for Soft management tests and for sustained data rate have been agreed as follows:

· Soft buffer management tests:

· Option 1: Define a new soft buffer management test for 10MHz+10MHz with fading channel conditions;  

· Option 2: New soft buffer tests should be added for 10MHz+15MHz, 10MHz+20MHz and 15MHz+20MHz, if the feasibility is justified for these bandwidth combinations.

· Companies are encourage to evaluate whether all the proposed bandwidth combinations are needed and which bandwidth combinations should be defined.

· Propose this to be applicable in rel-11 only.

· Other options are not precluded.
· Study all the options considering the UE categories.
· Sustained data rate tests:

· Option 1: New sustained data rate tests for 10MHz+10MHz, 10MHz+15MHz, 10MHz+20MHz, and 15MHz+20MHz;

· Which bandwidth combinations to be defined depends on UE categories.

· Option 2: Define a new sustained data rate for 10MHz+10MHz.

· Apply this new SDR test to Rel-10/11

· 10MHz+10MHz should be defined at least for Rel-10 inter-band CA

· Other options are not precluded. 

In this paper we discuss these open issues.
2  Discussion
In order to sum up the situation we provide here an update of the CA tables provided already in [1] by taking into account the recent decisions. 
Table 5.6A.1-1: E-UTRA CA configurations and bandwidth combination sets defined for intra-band contiguous CA

	
	Supported aggregation configurations
	Maximum aggregated bandwidth

[MHz]
	Bandwidth Combination Set
	Applicability of

	CA Configuration
	 10 + 20 MHz
	 15 + 15 MHz
	 15+ 20 MHz
	 20 + 20 MHz
	
	
	Demod test
	Soft buffer
	Power imbalance
	Sustained data rate
	CQI test

	CA_1C
	
	Yes
	
	Yes
	40
	0
	YES 
	YES
	YES
	YES
	YES

	CA_7C
	
	Yes
	
	Yes
	40
	0
	YES
	YES
	YES
	YES
	YES

	CA_38C
	
	Yes
	
	Yes
	40
	0
	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


In case there is a new combination set defined with less than 40MHz aggregation then some of the tests won’t be applicable.

Observation 1. It is concluded that there are no remaining open issues (in terms of new tests) related to intra band contiguous CA.
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
	0
	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
	0
	YES
	NA
	NA
	YES

	
	21
	
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	CA_2A-17A
	2
	
	
	Yes
	Yes
	
	
	20
	0
	YES
	NA
	NA
	YES

	
	17
	
	
	Yes
	Yes
	
	
	
	
	
	
	
	

	CA_2A-29A
	2
	
	
	Yes
	Yes
	
	
	20
	0
	YES
	NA
	NA
	YES

	
	29
	
	Yes
	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
	0
	YES
	YES
	YES
	YES

	
	7
	
	
	
	Yes
	Yes
	Yes
	
	
	
	
	
	

	CA_3A-8A
	3
	
	
	
	Yes
	Yes
	Yes
	30
	0
	YES
	NA
	NA
	YES

	
	8
	
	
	Yes
	Yes
	
	
	
	
	
	
	
	

	
	3
	
	
	
	Yes
	
	
	20
	1
	YES
	NA
	NA
	YES

	
	8
	
	
	Yes
	Yes
	
	
	
	
	
	
	
	

	CA_3A-20A
	3
	
	
	Yes
	Yes
	Yes
	Yes
	30
	0
	YES
	NA
	NA
	YES

	
	20
	
	
	Yes
	Yes
	
	
	
	
	
	
	
	

	CA_4A-5A
	4
	
	
	Yes
	Yes
	
	
	20
	0
	YES
	NA
	NA
	YES

	
	5
	
	
	Yes
	Yes
	
	
	
	
	
	
	
	

	CA_4A-7A
	4
	
	
	Yes
	Yes
	
	
	30
	0
	YES
	NA
	NA
	YES

	
	7
	
	
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	

	CA_4A-12A
	4
	Yes
	Yes
	Yes
	Yes
	
	
	20
	0
	YES
	NA
	NA
	YES

	
	12
	
	
	Yes
	Yes
	
	
	
	
	
	
	
	

	CA_4A-13A
	4
	
	
	Yes
	Yes
	Yes
	Yes
	30
	0
	YES
	NA
	NA
	YES

	
	13
	
	
	
	Yes
	
	
	
	
	
	
	
	

	
	4
	
	
	Yes
	Yes
	
	
	20
	1
	YES
	NA
	NA
	YES

	
	13
	
	
	
	Yes
	
	
	
	
	
	
	
	

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

	
	17
	
	
	Yes
	Yes
	
	
	
	
	
	
	
	

	CA_4A-29A
	4
	
	
	Yes
	Yes
	
	
	20
	0
	YES
	NA
	NA
	YES

	
	29
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	

	CA_5A-12A
	5
	
	
	Yes
	Yes
	
	
	20
	0
	YES
	NA
	NA
	YES

	
	12
	
	
	Yes
	Yes
	
	
	
	
	
	
	
	

	CA_5A-17A
	5
	
	
	Yes
	Yes
	
	
	20
	0
	YES
	NA
	NA
	YES

	
	17
	
	
	Yes
	Yes
	
	
	
	
	
	
	
	

	CA_7A-20A
	7
	
	
	
	Yes
	Yes
	Yes
	30
	0
	YES
	NA
	NA
	YES

	
	20
	
	
	Yes
	Yes
	
	
	
	
	
	
	
	

	CA_8A-20A
	8
	
	
	Yes
	Yes
	
	
	20
	0
	YES
	NA
	NA
	YES

	
	20
	
	
	Yes
	Yes
	
	
	
	
	
	
	
	

	CA_11A-18A
	11
	
	
	Yes
	Yes
	
	
	25
	0
	YES
	NA
	NA
	YES

	
	18
	
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	


Additionally a new band combination may be introduced as follows

	CA_1A-7A
	1
	
	
	
	Yes
	Yes
	
	35
	
	YES
	NA
	NA
	YES

	
	7
	
	
	
	Yes
	Yes
	Yes
	
	
	
	
	
	


Highlighted in the above tables are the cases for which no test is defined and for which a discussion is needed. 
The open points are
1. FDD inter-band CA combinations

a. All the operating bands for CA as defined now support 10MHz+10MHz.
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. How do we want to extend the soft buffer test and the SDR test?
2. Can we apply the same band agnostic testing handling in Rel-11? 

3. Which carrier aggregation capability the tests are applicable to?
In general we think that it is important to have good test coverage for typical deployment scenarios based on 10+10MHz. Additional tests for other combinations can be considered if needed. 

2.1 Soft buffer test

In previous meeting it was already shown that there exists 10+10MHz test set up such that a sufficient large difference between the case of instantaneous buffer and non instantaneous buffer is visible. The following conditions are tested:
The scenario proposed in [2] for 10+10 is reported in the following Table where the propagation conditions have been changed compared to the original proposal.

Table 1. Scenario originally proposed in [2] and modified here.

	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 
	EVA70
	2x2 low
	TBD
	TBD
	3
	2
	xA-yA
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Figure 1. Cat 3 results for Soft Buffer, FDD
The used FRC is as follows:

	Parameter
	Unit
	Value

	Reference channel
	
	R.xx FDD
	
	
	
	
	
	
	

	Channel bandwidth
	MHz
	10
	
	
	
	
	
	
	

	Allocated resource blocks (Note 4)
	
	50
	
	
	
	
	
	
	

	Allocated subframes per Radio Frame
	
	9
	
	
	
	
	
	
	

	Modulation
	
	64QAM
	
	
	
	
	
	
	

	Target Coding Rate
	
	0.75
	
	
	
	
	
	
	

	Information Bit Payload (Note 4)
	
	
	
	
	
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	25456
	
	
	
	
	
	
	

	  For Sub-Frame 5
	Bits
	n/a
	
	
	
	
	
	
	

	  For Sub-Frame 0
	Bits
	25456
	
	
	
	
	
	
	

	Number of Code Blocks 
(Notes 3 and 4)
	
	
	
	
	
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	5
	
	
	
	
	
	
	

	  For Sub-Frame 5
	Bits
	n/a
	
	
	
	
	
	
	

	  For Sub-Frame 0
	Bits
	5
	
	
	
	
	
	
	

	Binary Channel Bits (Note 4)
	
	
	
	
	
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	39600
	
	
	
	
	
	
	

	  For Sub-Frame 5
	Bits
	n/a
	
	
	
	
	
	
	

	  For Sub-Frame 0
	Bits
	37152
	
	
	
	
	
	
	

	Max. Throughput averaged over 1 frame (Note 4)
	Mbps
	22.91
	
	
	
	
	
	
	

	UE Category
	
	3
	
	
	
	
	
	
	

	Note 1:
2 symbols allocated to PDCCH for 20 MHz, 15 MHz and 10 MHz channel BW; 3 symbols allocated to PDCCH for 5 MHz and 3 MHz; 4 symbols allocated to PDCCH for 1.4 MHz
Note 2:
Reference signal, synchronization signals and  PBCH allocated as per TS 36.211 [4]
Note 3:
If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit)

Note 4: 
Given per component carrier per codeword.


Proposal 1. It is proposed to define the soft buffer test by considering 30% of the maximum throughput (i.e. in target SNR range ~13dB). 
For 10+10 MHz configuration the performance are affected by the implementation of instantaneous buffer for UE category 3. For category 4 the performance difference may be small due to larger buffer size and hence it may be difficult to find a good test point where it is possible to discriminate between correct and wrong UE implementation. 

Hence a new soft buffer test is needed with X+Y MHz configuration (X and Y e.g. 10+15 depending on results) applicable to category 4 UE. X and Y should be considered as the minimum combination such that there is performance difference with the introduction of soft buffer at a reasonable test point (~70% of the maximum throughput).
It can be argued that the test point proposed above does not necessarily reflect realistic throughput ranges such as the one which are in general defined for demodulation performance (~70% of maximum throughput). 

We think that this test could be included in order to enhance the test coverage for 10+10MHz, however, as an alternative it is also possible to define a test for X+YMHz as for category 4.
The following is proposed:

Proposal 2. Define a 10+10 MHz Soft buffer test applicable to category 3 UE. If 30% of the maximum throughput is not acceptable as reasonable test point, then define a X+YMHz test as for cat 4. 
Proposal 3. Define a X+YMHz (X and Y) soft buffer test applicable to category 4 UE. X and Y should be considered as the minimum combination such that there is performance difference with the introduction of soft buffer at a reasonable test point (~70% of the maximum throughput). 
Since the aim of this test is to verify the correct implementation of the instantaneous buffer a single test which can be applicable to all the configurations is considered as sufficient. These tests would be applicable to CL_A-A.  

Currently the soft buffer test is defined only for 20+20. Since this test is rarely applicable to inter-band carrier aggregation CA configuration and because of the rationale above, it is propose to change the applicability of the current 20+20 soft buffer test from “CL_C, CL_A-A” to “CL_C”.

Proposal 4: change the applicability of the current 20+20 soft buffer test from “CL_C, CL_A-A” to “CL_C”.
2.2 SDR test

So far the SDR test is defined only for 20+20MHz. Hence most of the inter band carrier aggregation configurations could not be tested if this is the only test defined for SDR.

By considering the fact that the 10+10MHz configuration is applicable to all inter band CA configuration and that many combinations have maximum aggregated bandwidth equal to (or bandwidth combination set which limits the maximum aggregated bandwidth to) 20MHz, it is import to define at least a new test based on 10+10MHz. 

The advantages are that a single new test would be introduced applicable to all cases.

If only this test is introduced, then not all the maximum configurations would be tested, e.g. configurations such as 15+10 or 15+20.

It can be noticed that the same problem applies for single carrier case. In legacy single carrier certain bands support up to 10MHz deployments, others up to 15MHz, others up to 20MHz.

However, SDR tests do not cover all possible cases, tests are defined only for 10MHz and 20MHz, according to R.31-1 FDD, R.31-2 FDD, R.31-3 FDD, R.31-3A FDD and R.31-4 FDD.
If operators see the need to test other combinations (15+10, 15+15, 15+20, 10+20) these can be introduced. 

However, it is important, in order to limit the number of tests that the UE is required to fulfill a single test, depending on the maximum aggregated bandwidth supported by the UE among the band combinations which the UE declare supports of.

For 10+10MHZ configuration, the FRC could be R.31-3A FDD.
Proposal 5: Define at least a new test based on 10+10MHz for SDR, the FRC could be R.31-3A.
Proposal 6: Discuss further the need to introduce additional test configurations for SDR depending on operators’ interest.
Proposal 7: State clearly in the specification that the UE is required to fulfill a single test, depending on the maximum aggregated bandwidth supported by the UE among the band combinations which the UE declare supports of.

2.3 Applicability of the band agnostic testing

In previous RAN 4 meeting a discussion took place on the whether the same band agnostic approach used in RAN 5 for UE legacy performance can be used here.  Here, we try to clarify the band agnostic methodology used in RAN 5.
2.3.1 RAN 5 methodology for conformance testing
The performance requirements are defined independently from the specific band combinations, they do not take into account specific issues related for example to the RF which depends on the specific band combination. 

For intra-band CA FDD and TDD the same band agnostic methodology can be considered as all the band combinations support the same maximum aggregated bandwidth.

For inter-band CA it is acknowledged that certain band combinations will support only up to a certain maximum aggregated bandwidth, however it is noted that all the inter-band configurations supports 10+10 MHz combination which is seen as the most typical scenario. Depending on the test there may be the need to use different methodology.  

· For regular PDSCH test, the aim of the test is to verify the performance in typical conditions. All the inter-band CA combinations support 10+10 and hence it is considered as enough to test only 10+10MHz. The band chosen to fulfil the test can be selected according to the legacy methodology, as all the band combinations support 10+10MHz.
· For soft buffer test the same argument as before applies for a cat 3 UE if defined. For cat 4 (and for cat 3 UEs if the alternative solution is considered) UE the test is done by selecting the band combination among the ones supported by the UE which matches the test (select among the band combinations supporting the combination X+YMHz) if any.
· For SDR, considering that the aim of the test is to test the highest achievable throughput it is proposed to choose a band combinations, among the band combinations supported by the UE, which supports the highest aggregated bandwidth (according to its capability, i.e. bandwidth combination sets) . The UE is required to fulfil a single test.
· For CQI test, the same methodology as for legacy performance requirements is applicable.

3  Conclusions
Observation 1. It is concluded that there are no remaining open issues (in terms of new tests) related to intra band contiguous CA.
Proposal 1. It is proposed to define the soft buffer test by considering 30% of the maximum throughput (i.e. in target SNR range ~13dB). 

Proposal 2. Define a 10+10 MHz Soft buffer test applicable to category 3 UE. If 30% of the maximum throughput is not acceptable as reasonable test point, then define a X+YMHz test as for cat 4. 
Proposal 3. Define a X+YMHz (X and Y) soft buffer test applicable to category 4 UE. X and Y should be considered as the minimum combination such that there is performance difference with the introduction of soft buffer at a reasonable test point (~70% of the maximum throughput). 

Proposal 4: change the applicability of the current 20+20 soft buffer test from “CL_C, CL_A-A” to “CL_C”.
Proposal 5: Define at least a new test based on 10+10MHz for SDR. FRC can be based on R.31-3A
Proposal 6: Discuss further the need to introduce additional test configurations for SDR depending on operators’ interest.

Proposal 7: State clearly in the specification that the UE is required to fulfill a single test, depending on the maximum aggregated bandwidth supported by the UE among the band combinations which the UE declare supports of.

Applicability:
· For regular PDSCH test, the aim of the test is to verify the performance in typical conditions. All the inter-band CA combinations support 10+10 and hence it is considered as enough to test only 10+10MHz. The band chosen to fulfil the test can be selected according to the legacy methodology, as all the band combinations support 10+10MHz.
· For soft buffer test the same argument as before applies for a cat 3 UE if defined. For cat 4 (and for cat 3 UEs if the alternative solution is considered) UE the test is done by selecting the band combination among the ones supported by the UE which matches the test (select among the band combinations supporting the combination X+YMHz) if any.
· For SDR, considering that the aim of the test is to test the highest achievable throughput it is proposed to choose a band combinations, among the band combinations supported by the UE, which supports the highest aggregated bandwidth (according to its capability, i.e. bandwidth combination sets) . The UE is required to fulfil a single test.
· For CQI test, the same methodology as for legacy performance requirements is applicable.
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