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1. Introduction
The UE demodulation requirements for carrier aggregation were initially discussed in the RAN4-AH#4 meeting [1] [2] [3]. One conclusion from these discussions was that no additional requirements would be needed for the verification of the control channel performance. For the PDSCH verification, one option would be to reuse the existing requirement in a building block manner. The selection of these building block test cases were left for further discussions.
In the present contribution we continue the discussion on the building block approach proposing a slightly more focused verification scheme compared to [1]. 
2. Decisions from RAN1#62bis and RAN4#AH4-2010
The key agreements from the previous RAN1 and RAN4 meetings are summarized below:
· 
A/N feedback for TDD with PUCCH Format 3: Mode 1 supports A/N payload size of up to 20 bits. If the number of A/N bits to be indicated would be >20, spatial bundling is employed. No bundling is employed if the number of A/N bits is <=20 bits.
· 
Signaling of the downlink CA bandwidth class and MIMO layer capability: Explicitly signal along with the CA bandwidth class the MIMO layer capability per band.  For non CA bands, MIMO layer capability per band should also be explicitly signaled.

3.  Verification of the PDSCH performance

3.1 Building block approach
As discussed in the RAN4 Ad-Hoc#4, the UE’s ability to decode PDSCH on multiple component carriers could be at least partially verified by using the existing Rel-8/9 requirements as building blocks. Such approach would provide a straightforward yet flexible solution for the CA verification, as discussed in [1] [2] [3].
Only a few changes would be needed in 36.101:
· For each CA-enabled minimum requirement in chapter 8: The number of component carriers needs to be indicated per test case and per UE category. Note that the number of component carriers would be conditional to the UE category and/or the CA bandwidth class [FFS].
· For each CA-non-enabled minimum requirement in chapter 8: A note indicating that the test would be carried out in the single-carrier mode would need to be added.
· For the RMCs in appendix A.3.3: A note indicating that the payloads and the maximum throughput apply per MIMO layer and per component carrier would need to be added.

In order to verify the UE at the maximum aggregation level, the number of component carriers could be set as 
N = MIN{A, B}, 
where A is the maximum number of component carriers based on the UE category and B is the maximum number of component carriers based on the CA bandwidth class. Such rule would make the introduction of higher aggregation levels quite effortless in the future releases.

The next question would be then the selection of the test cases to be used as building blocks. This is discussed in the following.
3.2 Selection of the building block test cases
As discussed in [1], the existing test cases in Release 8 and 9 could be quite easily extended to CA. However, based on the feedback from other companies, it seems a more focused solution would be preferred. In practice that would mean specifying just a few relevant corner cases for the CA verification, while the majority of the test cases would be carried out in the single-carrier mode. There should be no overlapping of the single-carrier and CA test cases, i.e. certain baseline test case for certain UE should be carried out either in the single-carrier mode or multi-carrier mode, but not both.

Which test cases should be then selected?
At least the following aspects would need to be verified:
1. 
At least one scenario would be needed for the verification of UE’s demodulation performance in the case of multiple component carriers and one MIMO layer (one codeword). This test would ensure that the UE’s throughput in the case of multiple component carriers would be approximately N times the single-carrier throughput, considering that the component carriers are Rel-8 compliant. The test should also provide a good coverage in terms of different CA realizations (UE category, CA bandwidth class, CA frequency band) in order to have at minimum one test case that would be applicable to all UEs with a CA capability. The data rate could be rather low as the intention would be not to verify the UE’s peak rate capability. 
2. 
At least one scenario would be needed for the verification of UE’s demodulation performance in the case of multiple component carriers and two MIMO layers (two code-words). This test would cover all CA-capable UEs having a dual-layer MIMO capability on at least one of the supported CA bands.
3. 
Multiple scenarios would be needed for the verification of UE’s maximum processing capability in the case of multiple component carriers and one/two MIMO layer(s).
The former two aspects could be best satisfied by reusing the existing Rel-8/9 scenarios as building blocks while the third aspect would be best covered by the introduction of new sustained data rate tests. Note that this framework could be easily extended to cover three spatial layers and above, when such configurations become relevant. 
The following two criteria should be considered when selecting test cases to cover aspects 1 and 2 above:
1. 
The combined throughput for N component carriers should be sufficiently close to N times the single carrier throughput. 
2. 
The adopted test cases should provide sufficient test coverage for different UE categories and CA/MIMO capabilities.
Regarding criteria 1: There seems to be no additional loss due to HARQ bundling, as full feedback (10 bits for FDD and 20 bits for TDD) is supported in Rel-10. Hence the remaining issue would be the impact of the possible PMI bundling (TBD in RAN1) and the impact of the lower PMI granularity in the case of partial allocation (if adopted). Furthermore the impact of possibly higher RX EVM might need to be addressed for test cases with high SNR.
Regarding criteria 2: RAN5 is currently discussing whether the Chapter 8 and 9 tests should be carried out at all supported E-UTRA bands or at one band only. According to our understanding, it would be sufficient to verify one band only as the demodulation tests have been designed in a band agnostic manner. This principle should be extended to CA bands, aiming to define the test cases for CA in a band-agnostic manner.
Verification scenario(s) for multiple component carriers and one MIMO layer

The available FDD scenarios from Release 8 and 9 are listed in the Annex A. The rightmost column shows the maximum number of aggregated carriers for each UE category. 
As can be seen, the SIMO varying bandwidth test cases proposed in [2] are not suitable building blocks for the CA verification due to the fact that the carrier aggregation is not available for all channel bandwidths in the case of UE categories 1-4.

One obvious choice would be the SIMO test 1 (or SIMO test 2):
	Test number
	Bandwidth
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value
	UE Category

	
	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)
	

	1
	10 MHz
	R.2 FDD
	OP.1 FDD
	EVA5
	1x2 Low
	70
	-1.0
	1-5


As can be seen from the Annex A, this test would be applicable up to 5 CC starting from Cat-2 and up to 2 CC for Cat-1. A partial allocation would be needed if only 15 or 20 MHz aggregation was supported for the tested band. Note that this test would not be applicable for bands supporting only 5 MHz CC or less, although such configuration does not seem very likely in practice.
Another possibility would be to use the single-PRB tests 16-18:

	Test number
	Bandwidth
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value
	UE Category

	
	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)
	

	16
	3 MHz
	R.0 TDD
	OP.1 TDD
	ETU70
	1x2 Low
	30
	2.1
	1-5

	17
	10 MHz
	R.1 TDD
	OP.1 TDD
	ETU70
	1x2 Low
	30
	2.0
	1-5

	18
	20 MHz
	R.1 TDD
	OP.1 TDD
	ETU70
	1x2 Low
	30
	2.1
	1-5


Due to small payload, these tests would be available for all UE categories up to 5 CC aggregation. Furthermore the need for a partial allocation would be smaller because of the availability of the 20 MHz test. The low bandwidths could be covered too, excluding the 1.4 MHz channel bandwidth. Unfortunately these test cases are specified at 30 % relative throughput which might be not the most suitable operating point for the verification of the overall demodulation performance. 
The third possibility would be to specify completely new cases for the SIMO testing. Such approach would obviously give the full flexibility for selecting the channel bandwidths. Furthermore it would be possible to use smaller payloads compared to the current varying bandwidth cases, making the CA SIMO scenario(s) applicable for low UE categories as well. The minimum requirements could be still defined based on single-carrier performance.
Verification scenario(s) for multiple component carriers and two MIMO layers

The following test cases have been specified in Rel-8/9 for the verification of CRS-based dual-layer MIMO (two codewords):
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As can be seen, the carrier aggregation is not possible for cat-2 UEs in any of the above test cases. Furthermore, PMI reporting is utilized in the closed-loop tests, which might be a problem if some form of feedback bundling will be adopted for CA. Also the RX EVM might be a problem because of the high SNR.
Perhaps a better choice would be the test case 1 for dual-layer beamforming, i.e.
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As can be seen, the Test 1 would be applicable to all UE categories up to 5 CC. Furthermore there is no PMI feedback and the test point is relatively low (around 3 - 4 dB). At the moment the DLBF requirements are only applicable for TDD, but it is expected that such requirements are needed in Rel-10 for FDD as well. Note that this scheme would provide a logical extension path for the verification of higher order MIMO (3 layers and above) and CA, as the single carrier requirements for higher order MIMO are likely to be based on similar principle as for DLBF verification.
Verification scenario(s) for maximum processing capability
The verification of the UE’s maximum processing capability could be carried out in a similar manner as for the Rel-9 sustained data rate tests. The selection of the scenarios should be based on the CA configurations of interest, for example the dual-layer scenarios listed in [4]:
	UE category
	DL CA capability [#CCs/BW(MHz)]
	DL layers 
[max #layers]

	Category 1
	
	

	Category 2
	
	

	Category 3
	1/20 MHz
	2

	
	2/10+10 MHz
	2

	Category 4
	1/20 MHz
	2

	
	2/10+10 MHz
	2

	Category 5
	
	

	Category 6
	1/20MHz
	4

	
	2/10+10MHz
	4

	
	2/20+20MHz
	2

	
	2/10+20MHz
	4 (10MHz) 2(20MHz)

	Category 7
	1/20MHz
	4 

	
	2/10+10MHz
	4

	
	2/20+20MHz
	2

	
	2/10+20MHz
	4 (10MHz) 2(20MHz)

	Category 8
	[2/20+20MHz]
	[8]


Based on the above, possible verification scenarios could be:

· 
Cat 3, 2 CC, 10+10 MHz, two MIMO layers

· 
Cat 4, 2 CC, 10+10 MHz, two MIMO layers

· 
Cat 6, 2 CC, 20+20 MHz, two MIMO layers

· 
Cat 7, 2 CC, 20+20 MHz, two MIMO layers
More scenarios could be then added later based on practical and commercial aspects. The conditions for each scenario would need to be carefully evaluated by RAN4 in order to ensure that the UE’s RF performance would not be the limiting factor.
4. Conclusions

In the present contribution we have outlined a possible verification framework for the carrier aggregation PDSCH demodulation requirements. The proposed framework would comprise the following scenarios:
· 
One scenario for the verification of the UE’s demodulation performance in the case of multiple component carriers and one MIMO layer (one codeword). This scenario could be either based on the existing Rel-8/9 scenario, or new scenario(s) could be defined to achieve a better test coverage (FFS).
·  
One scenario for the verification of the UE’s demodulation performance in the case of multiple component carriers and two MIMO layers (two code-words). This scenario could be based on the test case 1 for dual-layer beamforming (FFS).
· 
Multiple scenarios for the verification of the UE’s maximum processing capability. These scenarios could be defined as sustained data rates requirements in Rel-9 taking the practical CA configurations as a starting point (FFS).
The minimum requirements for the bullet points 1 and 2 could be defined based on single-carrier transmission.
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ANNEX A – Maximum aggregation levels for the existing FDD tests
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