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1 Introduction
In the past RAN4 meetings, it was extensively discussed how to handle the frequency offset between two adjacent component carriers (CCs) for setting UE demodulation performance requirements in intra-band carrier aggregation (CA) [1], [2]. As an outcome of the email discussion after the RAN4 #59-AH meeting, it was agreed to investigate the impact of frequency offset on the throughput performance via simulation campaigns. 
Another open issue for CA UE performance requirements is how to model additional RF impairments of UE supporting intra-band CA with channel bandwidth up to 2x20 MHz and its impacts on the requirements. The analysis in [3] concludes that the Rel-10 CA UE receiver is expected to have an increased receiver EVM compared to the Rel-8/9 single-carrier UE receiver due to noise performance degradations of LNA, VGA, and ADC as a cost for the improved linearity. In addition, considering the receiver EVM increase, the total receiver EVM of 6.3%, equivalently corresponding to -24dB noise floor in the receiver was proposed as a baseline assumption for impairment results of Rel-10 CA UE demodulation.

In this contribution, we investigate the impact of frequency offsets on the throughput performance, and discuss defining performance requirements which reflect the impact of intra-band CA specific receiver RF impairments. 
2 Impact of Frequency Offset between Component Carriers
Figure 1 and Figure 2 present relative throughput performances of primary CC (PCC) and secondary CC (SCC) separately for the cases of 0, 100, 200, and 380 Hz frequency offsets in the FDD, 2x20 MHz, 2Tx test of TM3. Figure 3 and Figure 4 show the impact of frequency offsets assuming FDD, 2x10 MHz, 4Tx, TM4 transmission. Currently, Rel-10 CA does not support 2x10 MHz intra-band CA, but it is expected that the impact of frequency offsets is similar to the case of 2x20 MHz transmission. It is assumed that the frequency offset is constant over the entire simulation period, and the receiver is frequency synchronized to PCC. That is, at the UE receiver, signal on PCC has a zero frequency error, but signal on SCC has a frequency error equal to the frequency offset between two CCs. Minimum channel spacing, where 19 subcarriers are placed between two transmission bands, is employed. 
Figure 1 shows that the inter-carrier interference (ICI) caused by the frequency error of SCC has negligible impact on the performance of PCC. This is because a power leakage from SCC due to ICI decreases significantly in the region of a few subcarriers away from the SCC transmission band-edge and accordingly, a very limited number of RBs on PCC close to SCC are affected by the interference. However, significant performance degradation occurs in SCC performance for the large frequency offset 380Hz, as shown in Figure 2 (TM3). At the reference point (70% of max throughput), the required SNR increases by 0.1dB and 1.4dB for a frequency offset of 200Hz and 380Hz, respectively for TM3 test case. 
Figure 3 shows that the throughput performance on PCC for the TM4 test case is also robust to frequency offsets as the receiver is frequency synchronized to PCC. However, in Figure 4 (TM4 test case), we observe 0.2dB, 2dB, and 2.8dB SNR degradation with 100Hz, 200Hz, and 380Hz frequency offset, respectively, at the reference point for the performance on SCC. Compared with the results in Figure 2, large frequency offsets (>100Hz) are more detrimental to TM4 (closed-loop spatial multiplexing) than TM3 (open-loop spatial multiplexing). Additionally, performance degradation on SCC due to the frequency offset may be affected by channel conditions such as Doppler frequency and modulation and coding rate. 
It should be noted that the amount of performance degradation is mainly determined by the UE receiver architecture, and performance requirements should be defined without mandating any particular UE implementation. Considering that the impact of frequency offsets has large variation depending on UE implementations and test configurations (e.g., channel, MCS, and transmission mode), it is suggested to allow a small frequency offset (less than 30Hz) at test equipments. Moreover, the definition on CA UE performance requirements needs to be accurately stated in the spec since it can be interpreted in following two ways:
· Option 1: The maximum throughput is the sum of the max throughput of each CC, and the aggregated throughput should be larger than 70% of the aggregated max throughput at the reference SNR.
· Option 2: The relative throughput performance is evaluated on each CC separately, and both CCs should satisfy the requirement.
3 UE Performance Requirements for Intra-band CA 
This section presents the methodology to define CA performance requirements taking into account intra-band CA specific additional UE RF impairments. Considering the receiver image rejection requirement of 25dB, -25dB noise floor is assumed for a Rel-8/9 single carrier UE receiver and -24dB noise floor for a Rel-10 CA UE receiver. As discussed in [3], we assume 1dB noise performance degradation at the CA UE receiver due to the improved linearity. For the given SNR (Es/No) value at the antenna port, the effective SNR seen by the baseband module is as follows:
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Since the CA UE has higher receiver noise floor than the single carrier UE, the effective SNR of the CA UE is lower than the one of the single carrier UE, and degradation of the effective SNR needs to be compensated via an additional margin. Table 1 shows required margins for various operating SNR values. That is, if a single carrier reference SNR is 20dB, then the corresponding CA UE reference SNR is determined as 20.3dB. Using this approach, additional CA tests and performance requirements can be easily introduced in a later phase if needed.  
Table 1 Margins for intra-band CA UE performance requirements

	Es/No (dB)
	Effective SNR (dB)
	Degradation in effective SNR (dB)
	Proposed margin (dB)

	
	Rel-8/9 single carrier UE
	Re-10 
CA UE
	
	

	-2
	-2.01
	-2.01
	2.24E-03
	0.1

	0
	-0.01
	-0.02
	3.54E-03
	0.1

	2
	1.98
	1.97
	5.60E-03
	0.1

	4
	3.97
	3.96
	8.85E-03
	0.1

	6
	5.95
	5.93
	1.40E-02
	0.1

	8
	7.91
	7.89
	2.19E-02
	0.1

	10
	9.86
	9.83
	3.43E-02
	0.1

	12
	11.79
	11.73
	5.33E-02
	0.1

	14
	13.67
	13.59
	8.20E-02
	0.1

	16
	15.49
	15.36
	1.24E-01
	0.2

	18
	17.21
	17.03
	1.83E-01
	0.2

	20
	18.81
	18.54
	2.62E-01
	0.3

	22
	20.24
	19.88
	3.60E-01
	0.4


4 Conclusions

In summary, we propose the following for defining CA UE performance requirements:
Proposal 1: Mandate a small frequency offset (less than 30Hz) between two intra-band component carriers at test equipments. 
Proposal 2: Apply intra-band CA specific margins based on operating SNR values as given in Table 1.
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Figure 1 Throughput performance of PCC for 2x20 MHz, TM3, EVA70, 16QAM 1/2, 2x2 Low
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Figure 2 Throughput performance of SCC for 2x20 MHz, TM3, EVA70, 16QAM 1/2, 2x2 Low
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Figure 3 Throughput performance of PCC for 2x10MHz, TM4, EVA5, 16QAM ½, 4x2 Low 
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Figure 4 Throughput performance of SCC for 2x10MHz, TM4, EVA5, 16QAM ½, 4x2 Low 
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