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1 Introduction
At RAN4 #57 meeting, the way forward on CA downlink performance requirements, which prioritizes bandwidth combination 10+10 MHz and 20+20 MHz with 2 CCs and up to 2-layer transmission, was agreed [1]. During discussion on scalability of single-carrier requirements to CA requirements, it was pointed out that a relative frequency error between two component carriers at eNB may cause potential throughput performance degradation and Rel-8/9 performance requirements cannot be scaled for test cases with a high SNR test point [2]. As for handling the relative frequency error between CCs in a CA requirement framework, two options were provided [3]:

Option 1: Model the frequency error in the simulations targeting for the minimum requirements, similar to EVM in Release 8 and 9 requirements. 
Option 2: Mandate using the same frequency reference for both component carriers in the test equipment (or alternatively mandate a significantly lower frequency error). 

In this contribution, we investigate the scalability of single-carrier requirements and impact of the relative frequency error on CA performances. Based on this study, a CA performance requirement framework including potential test cases and test configurations is proposed. 
2 Scalability of Single-Carrier Requirements

In inter-band CA scenarios, it is expected that UE has a separate receiver chain for each CC. Hence, Rel-8/9 demodulation performances requirements can be scaled by the number of aggregated component carriers in CA (subject to sufficient soft buffer available and impact of LBRM is same as for single-carrier case). However, for intra-band contiguous CA scenarios, the relative frequency error between two component carriers and additional RF impairments from supporting extended frequency range may degrade the demodulation performance, and the impact on the performance may be different depending on receiver architectures and implementation. It is important that performance requirements are set in a band agnostic manner without assumption of a specific UE receiver architecture.

Figure 1 shows performance comparison between CA with the relative frequency error and CA without the frequency error. Simulation assumptions are given as follows:
Simulation assumptions 
· Bandwidth: 10MHz or 10 + 10 MHz (intra-band CA with nominal channel spacing)
· FDD, 64QAM ½, EPA5, 2x2 low, full band allocation
· Transmission mode 4 with 2 layers, precoding granularity: 6 PRB, PMI delay: 8 ms, reporting interval: 1 ms  

· Single FFT window for 2 CCs at the receiver
· A relative frequency error is randomly selected (with uniform distribution) from values between [-100, 100] Hz. The frequency error is semi-static, constant over 1000 subframes (1 second).

· 6 % Tx EVM (other RF impairments not modeled)
In Figure 1, it is observed that the relative frequency error within ±100 Hz has negligible impact on the CA performance even for 64QAM rate-½ PDSCH transmission. In practice, the CA performance compared to single-carrier performance and the impact of the relative frequency error are likely to be dependent on channel spacing between component carriers. Note that the minimum allowed guard band between two 10 MHz component carriers is 300 KHz. Furthermore, degradation from the relative frequency error may be more prominent in high Doppler spread channels. Considering that minimum performance requirements should be agnostic to band combinations and deployment scenarios (e.g. channel spacing), we prefer to adopt Option 2, using the same frequency reference for both CCs in the test equipment. Since the power amplifier nonlinearity and other RF impairments may degrade intra-band CA performance further compared to single-carrier performance, additional margins (~0.5dB) are needed for carrier aggregation especially for test cases with a high SNR test point.  
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Figure 1 Impact of frequency error, nominal channel spacing between two adjacent CCs
3 Test Coverage for Demodulation and CSI Requirements 
3.1 Demodulation requirements

Table 1 and Table 2 present proposed CA test cases for SIMO and 2-layer MIMO, respectively. 
SIMO Test CA-1 in Table 1 is an extension of the Rel-8/9 test to two CCs. It may be useful to test fall-back operation for one test case, that is, perform a test with SCell deactivated and see whether a single-carrier performance requirement is met. Having the same test scenario in both CA and the single-carrier setup is beneficial for verifying that each CC is Rel-8/9 compliant.  Furthermore, a single-carrier requirement in Rel-8/9 SIMO Test 1 can be reused for SIMO Test CA-1 or a small CA implementation margin can be added since the SNR at verification point is low.  
SIMO Test CA-2 in Table 1 can verify the receiver capability to handle up to 40 MHz channel bandwidth. We propose that this test is only applicable to Category 6-8 UE. It seems difficult that Cat 3 UE exploits 20+20 MHz aggregation in order to increase the transmission data rate in practical network operation due to the soft buffer size limit. Also, RAN1 LS [4] indicated that 20+20 MHz combination is of interest only for Category 6-8 UE. As it was agreed to prioritize the CA configurations listed in [4] for the design of test cases, SIMO Test CA-2 should be applicable to Category 6-8 UEs.
Table 1: Proposed test cases for single antenna port (TM1)
	Test number
	Bandwidth and MCS 
	Reference Channel

(Max TBS)
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value
	UE Category

	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)
	

	CA-1
	2x10 MHz
QPSK 1/3
	R.2
(4392 bits) 
	EVA5
	1x2 Low
	70
	[-1.0]
	3-8

	CA-2
	2x20 MHz
QPSK 1/3
	TBD
	EVA5
	1x2 Low
	70
	TBD
	6-8


For MIMO dual-layer transmission, we propose a new scenario with transmission mode 4. PMI feedback can be designed to avoid collisions between PCell and SCell CSI reporting instances by using different subframe offsets for PCell and SCell. That is, for FDD, PUSCH 3-1 reporting mode is used with a reporting interval of 2 ms, and a reporting instance starts from subframe 0 for PCell and from subframe 1 for SCell. For TDD with UL/DL configuration 1, PUSCH 3-1 with a reporting interval alternating between 4 ms and 6 ms can be used, which results in PMI delay of 10 ms or 11 ms. Figure 2 depicts the PMI reporting configuration with 2 CCs in TDD. Another option is to use the same reporting configuration as in Rel-8/9 multi-layer spatial multiplexing with 2 Tx antenna port shown in Table 8.2.1.4.2-1 (FDD) and Table 8.2.2.4.2-1 (TDD) of TS 36.101. In this case, CSI reports for both PCell and SCell are transmitted on the same uplink subframe being multiplexed in one PUSCH. For ACK/NACK reporting, UE is not configured for simultaneous PUSCH and PUCCH transmission, and HARQ-ACK bits of two CCs are multiplexed with CQI/PMI reporting and transmitted in PUSCH.
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Figure 2 PMI reporting configuration with 2 CCs in TDD of UL/DL configuration 1 

Table 2: Proposed test case for dual-layer MIMO (TM4: closed-loop spatial multiplexing) 
	Test number
	Bandwidth and MCS 
	Reference Channel

(Max TBS)
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value
	UE Category

	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)
	

	CA-1
	2x10 MHz
16QAM 1/2 
	R.11
(12960 bits)
	EVA5
	2x2 Low
	70
	TBD
	3-8


Table 3 presents a proposed CA test case for verifying sustained downlink data rate. For Cat. 3 and Cat. 4 UEs, existing tests have already been able to achieve the purpose of tests, verifying that 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. Thus, a new test is introduced for Cat. 6 and 7 UEs with two layers. 
Table 3: Proposed test case for verification of downlink sustained data rate (TM3) 

	UE Category
	Number of bits of a DL-SCH transport block received within a TTI
	DL layers
	DL CA capability
(# CCs/Bandwidth combination)
	Reference value

	
	
	
	
	TB success rate [%]

	Category 6 & 7
	75376 
	2
	2/20+20 MHz
	TBD


3.2 CSI requirements
In Rel-10 with carrier aggregation, a new 2-bit CSI request field in DCI format 0 and 4 (UE-specific Search Space) is defined for triggering aperiodic CSI reporting when more than one DL cell is configured. As mentioned in [3], it is necessary to verify that UE can report the CSI of both component carriers within one report according to the aperiodic CSI request field in the DCI message. For example, in a CA scenario of 2 CCs for DL and 1 CC for UL, if aperiodic CSI reporting is triggered for both PCell and SCell on the same subframe, the CSI reports for the two CCs are multiplexed in one PUSCH. By adopting PUSCH 3-x mode (higher-layer configured subband CQI) and independently configuring set S subbands per CC, we can verify that UE can compute the CSI per CC independently, and report them as it is directed according to the CSI request field. 
4 Conclusions

A single-carrier performance requirement is scalable by the number of CCs in CA for inter-band CA scenarios and test cases with low SNR test points. However, slight performance degradation is expected for the intra-band contiguous CA due to additional RF impairments from aggregation, whose impacts may depend on CA configurations and UE receiver architectures. From these observations, the following is proposed: 
· Proposal 1: Adopt Option 2, that is, mandate the same frequency for both CCs to minimize the impact on the performance.
· Proposal 2: Additional margins (~0.5dB) for CA are needed for test cases with high SNR test points taking into account additional RF impairments from aggregation.
· Proposal 3: The 20 +20MHz test scenario is applicable only to Category 6 -8 UEs. 
· Proposal 4: For dual-layer MIMO scenarios, use TM4 with PUSCH 3-1 reporting mode for PMI feedback.
· Proposal 5: For CSI requirements, aperiodic CSI reporting of two CCs in one PUSCH according to the new CSI request field needs to be verified. The PUSCH 3-0 frequency-selective scheduling test can be reused for CA.  
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