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1. Introduction

This contribution contains considerations for carrier aggregation PDSCH performance requirements. The scenarios are aligned with the working assumptions in [1], [2] and analysis in [3].
The intention is to use this contribution as a framework for the way forward on downlink CA demodulation requirements and align work among companies in future RAN4 meetings.
2. CA Downlink Demodulation Way Forward and Open Issues
In RAN4#58 meeting, the key working assumptions in [2] were agreed for PDSCH performance requirements summarized below: 
1. Do not model the frequency error between the component carriers in the simulations targeting for the minimum requirements
2. Mandate a low relative frequency error between the two component carriers in the test equipment
3. The minimum requirements for the initial SIMO and MIMO test cases will be determined as follows:
· In case a single-carrier baseline requirement (SNR = x dB) exists for the intended test scenario:

· The reference value for the corresponding dual-carrier test will be SNR = x dB + alpha, where alpha [TBD] is a margin for additional RF impairments specific to carrier aggregation.

· In case no single-carrier baseline requirements exists for the intended test scenario:

· The reference SNR value for the dual-carrier test will be determined assuming one component carrier in the simulations. Similar alpha-margin will be added as in the case above.
The following aspects are considered to be open issues:
1. Test cases for SIMO

· Applicable UE categories for Test-2
· One specific point to be discussed is whether the soft buffer limitation will impact the performance of category 3 and 4 UEs, pending RAN1 conclusion

2. Test cases for MIMO

· What should be the number of TX antenna ports, 2 or 4 antenna ports?
· What should be the transmission mode, TM3 or TM4?
· Applicable UE categories for Test-2

· One specific point to be discussed is whether the soft buffer limitation will impact the performance of category 3 and 4 UEs, pending RAN1 conclusion

· How should the ACK/NACK and PMI reporting details be specified?
· What should be the channel model, EPA5 or EVA5?
3. Sustained data rate tests

· What should be the sustained data rate tests detailed test configuration?
3. Scenarios for MIMO
It is proposed to reuse the existing Rel-8/9 10 MHz requirements for CA. New 20 MHz requirements for CA are defined for dual-layer transmission based on s10 MHz requirements. The proposed starting point for the dual-layer transmission requirements is discussed. The open issues concerning the number of TX antenna ports, transmission mode, channel model and PMI reporting test cases for MIMO are addressed. The test cases that have been adopted for the verification of the UE’s dual-layer performance are listed in Table 1
Table 1: CA scenarios for MIMO
	Test Number
	Channel BW
	MCS
	Propagation

Conditions
	Correlation Matrix and Antenna Configuration
	Reference value
	Applicable UE categories/capabilities

	
	
	
	
	
	Fraction of Maximum Throughput
	SNR

(dB)
	UE Category
	MIMO capability (1)
	CA capability

(2)

	1
	2 x 10MHz
	 16QAM / R=1/2
	[EPA5 or EVA5]
	TBDx2 Low
	70%
	TBD
	3-8
	2 or 4 layers 
	xA-yA, xB, or xC

	2
	2 x 20 MHz
	 16QAM / R=1/2
	[EPA5 or EVA5]
	TBDx2 Low
	70%
	TBD
	TBD
	 2 or 4 layers
	xA-yA, or xC


3.1
Transmission Mode for MIMO CA Scenarios
The impact of the transmission mode for the CA verification has been discussed in the recent RAN4 meetings. Two options were brought out in the RAN4#58 meeting:

· Option 1: Transmission mode 3 (TM3)
· Option 2: Transmission mode 4 (TM4)
In the following, we provide our views on the preferred scheme. The following is used as a starting point for these considerations:

· Consideration 1: TM3 contain transmission scheme transmit diversity (DCI format 1A), or large delay CDD (Cyclic Delay Diversity) / open loop spatial multiplexing, transmit diversity (DCI format 2A)

· Consideration 2: TM4 contain transmission scheme transmit diversity (DCI format 1A), closed-loop spatial multiplexing or transmit diversity (DCI format 2)
One advantage for using closed-loop MIMO is that it utilizes channel knowledge to improve SNR. Therefore, it is suggested that the configuration as in Rel-8/9 closed-loop spatial multiplexing performance is used.

Proposal 1: As a minimum requirement TM4 is proposed for dual-layer transmission performance verification.
3.2
Number of Antenna Ports for MIMO CA Scenarios
The impact of the number of antenna ports for the CA verification has been discussed in the recent RAN4 meetings. Two options were brought out in the RAN4#58 meeting:

· Option 1: 2 Tx antenna ports
· Option 2: 4 Tx antenna ports
In the following, we provide our views on the preferred scheme. The following is used as a starting point for these considerations:

· Consideration 1: Cell-specific reference signals support a configuration of one, two, or four antenna ports.

· Consideration 2:  Spatial multiplexing supports two or four antenna ports.  
· Consideration 3: For the dual layer transmission scheme of the PDSCH, the UE may assume that an eNB transmission on the PDSCH would be performed with two transmission layers on antenna ports 7 and 8 as defined in TS 36.211. 
The minimum number of Tx antenna ports supported in the existing Rel-8/9 specification is 2 Tx antenna ports. Each component carrier should be compatible with LTE Rel-8/9. Multi-antenna support in LTE Rel8/9 for cell-specific reference signals is also specified up to 4 Tx antenna ports.
Proposal 2: As a minimum requirement 2 Tx antenna ports is proposed for dual-layer transmission performance verification.
Since cell-specific reference signals also support a configuration of 4 Tx antenna ports in LTE Rel-8/9 it may need to be considered as well.

3.3
Channel Model for MIMO CA Scenarios
The impact of the channel model for the CA verification has been discussed in the recent RAN4 meetings. Two options were brought out in the RAN4#58 meeting:

· Option 1: Extended Pedestrian A 5Hz (EPA5)
· Option 2: Extended Vehicular A model 5Hz (EVA5)
In the following, we provide our views on the preferred scheme. The following is used as a starting point for these considerations:

· Consideration 1: The channel models used in Rel-8/9 performance requirements for demodulation of PDSCH (Cell-Specific Reference Symbols) were analyzed
· Consideration 2:  For Rel-8/9 demodulation of PDSCH tests for 2 Tx antenna ports, propagation condition EVA5 was typically used
· Consideration 3: For Rel-8/9 demodulation of PDSCH tests for 4 Tx antenna ports, propagation condition EPA5 was typically used
Fixed reference channel two antenna ports using modulation 16QAM and target coding rate of 1/2 typically had higher maximum throughput averaged over one frame with EVA5 propagation condition. EPA5 propagation condition was typically used with QPSK and 1/3 rate in Rel-8/9 which had a lower maximum throughput averaged over one frame.
Proposal 3: EVA5 propagation condition for 2 Tx antenna ports is proposed for dual-layer transmission performance verification. 
If 4 Tx antenna ports are proposed as well, EPA5 or other propagation conditions for dual-layer transmission performance verification need to be considered.
3.4
PMI Reporting for MIMO CA Scenarios
The impact of the PMI reporting for the CA verification has been discussed in the recent RAN4 meetings. Two options were brought out in the RAN4#58 meeting:

· Option 1: Periodic channel state information (CSI) reporting
· Option 2: Aperiodic channel state information (CSI) reporting
In the following, we provide our views on the preferred scheme. The following is used as a starting point for these considerations:

· Consideration 1: For transmission mode 4, 5 and 6, precoding feedback is used for channel dependent codebook based precoding and relies on UEs reporting precoding matrix indicator (PMI). For transmission mode 8 and 9, the UE shall report PMI if configured with PMI/RI reporting.
· Consideration 2:  A UE is semi-statically configured by higher layers to periodically feedback different CSI (CQI, PMI, PTI and/or RI) on the PUCCH. The periodic CSI reporting mode (wideband or UE selected) for each serving cell is configured by higher layer signaling. 
· Consideration 3: A UE shall perform aperiodic CSI reporting using the PUSCH in subframe n+k on serving cell c. A UE is not expected to receive more than one aperiodic CSI report request for a given subframe. A UE is semi-statically configured by higher layers to feedback CQI and PMI and corresponding RI on the same PUSCH using CSI reporting modes (wideband, UE selected or higher layer-configured). The aperiodic CSI reporting mode is configured by higher-layer signalling.
It is feasible to use a similar reporting configuration as in Rel-8/9 closed-loop spatial multiplexing. 
Proposal 4: Aperiodic reporting using PUSCH similar to Rel-8/9 is proposed for dual-layer transmission performance verification.
4. Conclusions

In the present contribution we provided a framework for the way forward on aligning work among companies on the verification of downlink carrier aggregation in LTE Rel-10. We addressed the open issues related to test cases for MIMO and propose the following:
· Proposal 1: As a minimum requirement TM4 is proposed for dual-layer transmission performance verification.
· Proposal 2: As a minimum requirement 2 Tx antenna ports is proposed for dual-layer transmission performance verification.
· Proposal 3: EVA5 propagation condition for 2 Tx antenna ports is proposed for dual-layer transmission performance verification.
· Proposal 4: Aperiodic reporting using PUSCH similar to Rel-8/9 is proposed for dual-layer transmission performance verification.
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