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1. Introduction
The following working assumptions were agreed in the RAN4#57 meeting regarding the verification of the downlink carrier aggregation in LTE Release-10:
· 
WA.1: The target completion date for the initial phase requirements is RAN4#59 (May 2011).

· 
WA.2: The PDSCH verification scenarios are based on 10+10, and 20+20 MHz bandwidth combinations i.e. combinations with unequal channel bandwidths are not considered.

· 
WA.3: No additional scenarios are specified for the verification of control channel performance.

· 
WA.4: The CA configurations listed in the RAN1 LS (R4-103767) are prioritized in the design of the test cases.

· 
WA.5: Up to 2 component carriers are considered in the design.

· 
WA.6: Up to 2 MIMO layers are considered in the design.
· 
WA.7: UE categories 1 and 2 do not need to be covered.

· 
WA.8: The following aspects are covered by the initial requirements (the actual test cases are TBD)

· Single antenna port (1 x 2) performance using transmission mode 1.
· Dual-layer MIMO (N_tx x 2) performance using transmission mode X (TBD).
· The UE’s ability to process the received packets in a sustained manner assuming a data rate close to the maximum enabled by the UE category, number of MIMO layers, and CA bandwidth combination.
As the completion date of the carrier aggregation WI was changed to RAN#51 (March 2011) by the RAN plenary, it is proposed that the target completion of the performance requirements is shifted accordingly to RAN#53 (September 2011), i.e. modifying the WA.1 as:

· 
WA.1: The target completion date of the initial phase requirements is RAN4#60 (August 2011).
For RAN4-AH5, companies were invited to provide their views on the test setup for SIMO, MIMO, and sustained data rates. In addition aspects such as the verification of UE’s peak data rate capability, scalability of the single-carrier requirements up to 2 component carriers, and the need of channel feedback requirements were intended to be covered. In the present contribution we provide our views regarding these aspects.

2. Scalability of the single-carrier requirements
As discussed in some earlier contributions, a scheme based on single carrier baseline requirements that are extended to multiple component carriers by scaling the throughput would provide an attractive solution considering both specification simplicity and extendibility towards future releases. However it was felt that the impact of the HARQ/CSI feedback and frequency error would need to be considered in order to avoid a factual tightening of the requirements.
HARQ feedback
The new PUCCH Format 3 is designed to support A/N payloads up to 20 bits, enabling a bundling-free operation for all CA configurations excluding some TDD scenarios with a high number of component carriers and M>2. However, Format 3 cannot be used for the CA verification due to the fact that it is optional to the UE, but it seems that PUCCH Format 1b with channel selection needs to be adopted instead. Up to 4 A/N bits are supported by the Format 1b, hence providing a bundling free operation for FDD up to two component carriers and two transport blocks per CC. Although the TDD details are not fully settled in RAN1, it seems that A/N bundling will be needed in the case of two code-words and the UL/DL configuration 1, similar to Release-8. No bundling will be needed for single-layer transmission and two component carriers, though.
Observation: The scaling approach seems to be feasible from the HARQ feedback point of view considering scenarios up to 2 component carriers.

PMI feedback
It seems that a periodic CQI/PMI/RI reporting per CC will be supported as part of the PUCCH based reporting modes, although the details are not fully settled in RAN1. However, the periodic feedback can be only reported per one component carrier in one subframe, implying that the reporting delay is increased compared to single-carrier operation (assuming that the shortest reporting interval is used in the case of single-carrier).
For the aperiodic PUSCH based modes, any combination of component carriers can be reported within one uplink subframe. The component carriers to be reported are configured by the higher layer (RRC) signaling. 
Observation: The scaling approach seems to be feasible from the PMI feedback point of view, in particular considering aperiodic (PUSCH-based) feedback.
Frequency error and EVM
The aspect of the frequency error has been discussed [1], concluding that the existing single carrier requirements are not necessarily scalable up to multiple component carriers due to performance degradation. As a starting point, we agree with the postulate

“no assumptions should be made on the UE receiver implementation of synchronization or its FFT size”.
Then presuming that the suggested 100 Hz error between the two component carriers implies performance loss for certain possible implementations, especially at the high SNR, the following alternatives exist:
1. 
Model the frequency error in the simulations targeting for the minimum requirements, similar to EVM in Release 8 and 9 requirements. Consequently the existing single-carrier requirements cannot be used as a basis for the Rel-10 multi-carrier requirements and new simulations will be needed whenever a new multi-carrier requirement is introduced in the future.
2. 
Mandate using the same frequency reference for both component carriers in the test equipment (or alternatively mandate a significantly lower frequency error). Consequently the frequency error can be neglected and the multi-carrier requirements can be built upon the single-carrier requirements, hence facilitating a faster completion of the CA requirements. Some feedback from the TE vendors is needed to assess the feasibility of this option, though.
Our preference, if feasible from the TE implementation point of view, would be Option 2.

The proposal of 6 % TX EVM per carrier seems feasible.
3. Test cases
3.1. Generic considerations
In addition to the agreed working assumptions 1-8, some other pre-requisites need to be agreed before proceeding to the actual requirements.
Firstly, it needs to be agreed whether the requirements can be built upon the single-carrier requirements. Based on the discussion of Chapter 2, such approach seems feasible, however subject to conclusion on the frequency error aspect.
Secondly, it needs to be decided whether a requirement for a certain channel bandwidth combination will be valid for all CA bands supporting that combination, regardless of the aggregation type (intra-band contiguous, intra-band non-contiguous, inter-band). Considering that the CA demodulation requirements will be specified well below the reference sensitivity level, it would seem feasible to adopt the same principle as for the Rel-8/9 single-carrier tests, i.e. declaring that the CA requirements are band agnostic. Note that it would be the responsibility of RAN5 to decide the actual CA band(s) to be verified for a certain channel bandwidth combination.  
Proposal 1: The CA requirements are considered to be agnostic to the E-UTRA CA band. No specific band or aggregation type shall be assumed in the simulations targeting for the minimum requirements.
Note that the CA requirements would be not band agnostic in the sense that not all channel bandwidth combinations are available at all CA bands. However specifying the initial requirements for 10+10 and 20+20 MHz combinations (as agreed in WA.2) would ensure that a certain baseline test can be carried out at least for one CA band. As an example, a UE supporting only the band 1C could be verified at least assuming the 20+20 MHz channel bandwidth. Other bandwidth combinations can be added in later stages if a need arises. 
Regarding the coverage of the different UE categories: We feel that the CA requirement should cover categories 3-8 (excluding sustained data rates) as to avoid any patching in the later stages, as happened in LTE Release 8 and 9. The payloads should be then selected by keeping this constraint in mind.
Proposal 2: The CA requirements, excluding sustained data rates, will cover the UE categories 3-8.
3.2. Test cases for SIMO
The aim of the SIMO test(s) would be to verify UE’s basic demodulation performance in the case of multiple component carriers as well as the correct implementation of the functions needed for a successful CA reception. Furthermore, it could be sensible from the future extendibility point of view to select the payloads in such manner that the test would be applicable for the lowest considered UE category (cat-3) at the higher aggregation levels. Note that the data rate could be set to a rather low value as the intention would be not to verify the UE’s peak rate capability or high-SNR imperfections. Note also that the basic SIMO performance (for one component carrier) is already verified for different MCS, channel models, and channel bandwidths as part of the existing Release-8 scenarios.
Considering above, one possible starting point for the SIMO requirements could be the existing Test 1:
	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


This scenario would be then extended to 20 MHz, implying the following two test cases:
Table 1 – Proposed CA scenarios for SIMO (TM 1)
[image: image1.png]Max # bits per Maximum number of aggregated carriers.
CWperCC  cat-l cat2 cat-3 cat4 cat-5 cat-6 cat-7 cat-8
CA-la  10MHz 1 EVAS  QPSK-1/3 4392 2 5 5 5 5 5 5 5
CA-lb  20MHz 1  EVAS QPSK-1/3 8760 1 s 5 s 5 5 5 s

Test BW  #W Channel  MCS




It would be then up to the conclusion on the scalability issue whether it would makes sense to derive the minimum requirements based on a single or two-carrier performance. In case the scaling was found to be feasible, no simulations would be needed for the 10+10 MHz case as the minimum requirement would be the same as for the single-carrier requirement. Note that a new requirement will be anyway needed for 20+20 MHz, as the existing 20 MHz single-carrier requirements are not applicable to UE categories 3 and 4.
Proposal 3: The two test cases summarized in Table 1 are proposed for the verification of SIMO performance.
3.3. Test cases for dual-layer MIMO
The dual-layer MIMO requirements for CA could be based on one of the transmission modes 3, 4, 8, or 9. Covering all dual-layer modes does not seem to be necessary, though, as the basic single-carrier performance is already verified as part of the Release 8/9 tests. Considering that some new requirements are anyway needed for the TM9 in Release-10, it could make sense to adopt TM9 for the basis of dual-layer CA requirements as well.
Proposal 4: The dual-layer MIMO requirements are defined for TM9.
In case the above is acceptable, the requirements could be set as follows (see also [3]):
· 10 and 20MHz, 16QAM-1/3, EPA5, 2x2 low
· 2 CRS, 2 CSI-RS (pattern TBD)
· No PRB bundling 
· PDSCH muting pattern X (TBD)
As can be seen from the Table 2 below, the 20+20 MHz requirement would be applicable to UE category 3 and the 10+10 MHz requirement applicable to UE category 2.
Table 2 – Proposed CA scenarios for dual-layer MIMO (TM9)
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CWperCC  cat-l cat2 cat-3 cat4 cat-5 cat-6 cat-7 cat-8
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CA-2b 20 1 EPAS  16QAM-1/2 22920 nfa 1 2 3 5 5 5 5

Test BW  #W Channel  MCS




Proposal 5: The two test cases summarized in Table 2 are proposed for the verification of dual-layer CA performance.
3.4. Test cases for sustained data rates
Re-iterating the proposal in [2], 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. Accounting the working assumption #4, the CA configurations listed in [3] are prioritized in the design:
	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]


Proposal 6: The UEs maximum processing capability is verified by the scenarios listed in Table 3 below.
Table 3 – Proposed CA scenarios for the verification of sustained data rates
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caa 10+10 MHz 3 2 CA_xB, CA_xA-xA

cA-3b 10+10 MHz a 2 CA_xB, CA_xA-xA

cA-3c 20420MHz  6and7 2 CA_XC, CA_XA-XA




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. Requirements for the channel state feedback
As the channel feedback mechanisms for multiple component carriers seem to heavily rely on the reporting mechanisms and formats specified in LTE Release-8, there is no need for an extensive set of CSI test cases for CA. However, a few specific test cases could be needed from the functional verification point of view, e.g. one case for PUCCH and one for PUSCH. The aim of the PUCCH test would be to verify that the UE was able to report the CSI according to the higher-layer parameters that are independently configured per component carrier. The intention of the PUSCH test would be to verify that the UE was able to report the CSI of both component carriers within one report, according to the aperiodic CSI request field in the DCI message.
5. Conclusions
In the present contribution we provide our further views on the verification of downlink carrier aggregation in LTE Release-10. The proposals are summarized below:
Proposal 1: The CA requirements are considered to be agnostic to the E-UTRA CA band. No specific band or aggregation type shall be assumed in the simulations targeting for the minimum requirements.
Proposal 2: The CA requirements, excluding sustained data rates, will cover the UE categories 3-8.

Proposal 3: The two test cases summarized in Table 1 are proposed for the verification of SIMO performance.
Proposal 4: The dual-layer MIMO requirements are defined for TM9.

Proposal 5: The two test cases summarized in Table 2 are proposed for the verification of dual-layer CA performance.

Proposal 6: The UEs maximum processing capability is verified by the scenarios listed in Table 3 below.

WA.1: The target completion date of the initial phase requirements is shifted to RAN4#60 (August 2011).
6. References

[1] R4-104452 – Proposed initial framework for CA and eDL-MIMO performance requirements (Ericsson, ST-Ericsson)
[2] R4-104270 – PDSCH demodulation requirements for carrier aggregation (Nokia)

[3] R4-110326 – Demodulation requirements for eDL-MIMO (Renesas Electronics Europe)

[4] R4-103767 – LS on Rel-10 UE category
