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1 Introduction
Although the basic CA requirements were agreed, there were some remaining issues: CA-specific impairment margin, power imbalance, soft-buffer related requirements. And new requirements for 20MHz bandwidth were also needed. In this paper, we focus on the above issues. And we also give the simulation results for both downlink and uplink.
2 Discussion

2.1 CA-specific impairment margin

It was proposed that the CA-specific impairment margin [1], which might be different from the impairment margin already used in Rel-8/9, should be employed for CA requirements. But before the generic margins are agreed, we need to fully understand the rationale behind it. There would be a lot of sources of errors for RF impairment, but among them several factors are outstanding: phase noise, I/Q imperfection, non-linear distortion and intermodulation, the Tx signal leakage and so on. The detailed and extensive analysis on these effects is given in [2] ~ [8].
2.1.1 Analysis on the test equipment (transmitter side)
Signal quality

For demodulation performance test, it might be reasonable to assume that test equipment is perfect with well balanced I/O modulator, little effect of phase noise and good linear PA (For the test, we need not set the transmit power close to saturated power). We suggest only using 6% EVM for each CC and using the white noise model for CA-specific impairment margin analysis.
Frequency error
There are extensive discussions on the frequency error for intra-band CA. The agreement is that further details to be provided to TE vendors in order to give a definite answer on the feasibility of the tentative agreed 10Hz. But according to the simulation results in [9], it can be believed that impact of frequency error on fading channel demodulation performance would be negligible even when the maximum error approaches ±100Hz.
Time alignment error (TAE) between CC’s

Firstly, there would be several possible types of CA transmitter architectures: one RF chain for all CCs and the separate RF chains for each CC. For the latter the time alignment error would exist due to different path. According the requirements in TS36.104 the time alignment error for intra-band CA is required not to exceed 130 ns. Secondly, for CA test, no new channel model was defined. So we need a number of faders for each CC in the test, which would also lead to the time alignment error due to different channel paths.
2.1.2 Analysis on UE receiver side

Phase noise

The phase noise will result in two kinds of distortion: a common phase error and inter-carier interference (ICI). The former could be corrected or compensated through channel estimation, but the latter would cause the uncorrected performance loss, i.e., phase noise causes the nulls of the sinc(x) spectrum to fill in, creating interference between every sub-carrier and its neighbours [4]. According to the analysis in [5] and [6], the performance degradation due to ICI of phase noise for the OFDM system depends mainly on that two-side 3-dB bandwidth of the local oscillator or PLL at both transmitter and receiver. The ICI from one carrier could mainly affect the sub-carriers in the close proximity. 

Therefore, for intra-band CA although the bandwidth expends up to 40MHz in Rel-10, the degradation from phase noise would not increase. For inter-band CA, there would be no difference of the demodulation performance on the single carrier compared to the Rel-8/9 from phase noise point of view.
I/Q imbalance (receiver image)
The detailed discussion on CA receiver image was covered in [4], [6] and [7]. There are two kinds of error: one on sub-carrier k, which corresponds to the distortion of signal constellation, and the other on sub-carrier –k, which is the receiver image interference. For higher MCS the interference is more like noise.
As shown in Figure 1 and Figure 2, there would be a little difference for the receiver image interferences between CA and non-CA. For non-CA case, the image interference on the single carrier is caused by itself. But for CA with two CC’s for example, firstly the image interference is generated by the other CC, and secondly two fading channels would be totally uncorrelated. However, the image interference level depends on LO I/Q imbalance, which implies that the same image interference level as non-CA case could apply for CA. Thus there would be no additional impairment margin from I/Q imbalance point of view.
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Figure 1 Impact of I/Q imbalance (receiver image) on single carrier
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Figure 2 Impact of I/Q imbalance (receiver image) on CA (e.g., two CC)
I/Q channel mismatch

It can be viewed as I/Q imbalance as a function of sub-carrier and cause the interaction between sub-carrier k and –k, as is reported in [4]. The error resulting from I/Q channel mismatch might be greater for the outer sub-carriers than it is for the inner sub-carriers[4], as shown in the right diagram of Figure 3 (where the EVM is used to measure the impact of error). But as shown in the left diagram of Figure 3, the error on the edge of one CC adjacent to the other one might be larger that of single carrier case due to small guard band.
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Figure 3 Impact of I/Q channel mismatch
Non-linear distortion

For CA demodulation requirements, the potential input levels at the receiver are given in Table 1 and Table 2. Compared to UE maximum input level for CA, i.e., -22dBm for bandwidth class C, there would be enough input power room for maintaining the linearity of the receiver RF chain. Thus there would be no significant additional impairment due to the non-linear distortion for CA.
And the other non-linear distortion is due to the clipping. For the intra-band, the aggregated bandwidth leads to larger PAPR and the more frequent clipping of signal compared to the signal carrier case. However, since the input level is moderate, the degradation of performance due to clipping would be trivial. For inter-band we do not see the similar story.
Table 1 Input levels for CA FDD demodulation requirements

	Test Case Description
	SNR 70% TP
	Noc (dBm /15KHz)
	Input level (dBm)
	Image (dBm/15KHz)

	SIMO TM1 2x10MHz 1/3 QPSK EVA5 1x2 Low
	-4.1dB
	-98
	-71.3+IM
	-127.1

	SIMO TM1 2x20MHz 1/3 QPSK EVA5 1x2 Low
	-3.1dB
	-98
	-67.3+IM
	-126.1

	MIMO TM3 2x10MHz 1/2 16QAM EVA70 LD-CDD 2x2 Low
	12.3dB
	-98
	-54.9+IM
	-110.7

	MIMO TM3 2x20MHz 1/2 16QAM EVA70 LD-CDD 2x2 Low
	11.9dB
	-98
	-52.3+IM
	-111.1

	MIMO TM4 2x10MHz 1/2 16QAM EVA5 Closed-loop MCW 4x2 Low
	8.7dB
	-98
	-58.5+IM
	-114.3


Table 2 Input levels for CA FDD sustained data rate requirements
	Test Case Description
	Es (dBm/15KHz)
	Input level (dBm)
	Image (dBm/15KHz)

	Sustained data rate test case #6 for Category 6,7 non-CA, 20MHz
	-85
	-54.2+IM
	-110

	Sustained data rate test case #6A for Category 6,7 CA A-A,C, 2x20MHz
	-85
	-51.2+IM
	-110


Tx leakage
For UE receiver characteristic performance test, it is clear that the transmitter shall be set to PUMAX as defined in clause 6.2.5. However, for UE demodulation test, it would be unclear, although it is stated that the uplink power levels are specified within the test cases in Annex H.0 of TS36.521-1. One simple assumption would be using low enough power to avoid the significant interference to Rx.
For intra-band CA ,one of the challenging scenarios would be the downlink of the secondary CC is located between the uplink and downlink of the primary CC, where the secondary CC downlink would suffer from more severe Tx leakage than primary CC. Otherwise, the leakage for the secondary CC would be similar to that for primary CC. For inter-band CA, the interference of one CC such as harmonics would fall in Rx range of the other CC in some challenging deployments.
ADC effect
Although more bits for ADC would be reserved for higher PAPR, the impact of less effective ADC bits on the performance on single CC seems to be small due to small input level.
Insertion Loss

In CA RF core part, it was agreed that no additional margin is used for the receiver characteristic requirements, such as ACS and inter-modulation, etc.
2.1.3 Summary of the RF impairment
In Table 3, we summarize the error sources for RF impairments. For intra-band CA, the TAE on the transmitter, and I/Q channel mismatch and Tx leakage on receiver would be relevant to CA specific margin (or additional margin). For inter-band CA, the Tx leakage would cause some relaxation. Although we did not see the full justification, we can accept the 0.5dB relaxation for intra-band CA considering the trade-off between the cost and RF component performance with bandwidth extension.
Observation 1: We did not see the full justification for the CA specific margin. But the additional relaxation of 0.5 dB seems acceptable for CA demodulation requirements.
Table 3 Sources of errors for RF impairments for fading channel test compared to non-CA
	
	Intra-band CA
	Inter-band CA
	Notes

	Transmitter
	Signal quality
	No
	No
	Reusing 6% EVM for each CC

	
	Frequency error
	No
	---
	

	
	TAE
	Yes
	---
	Due to TAE at transmitter, different faders, cables etc. used

	Receiver
	Phase noise
	No
	No
	

	
	I/Q imbalance
	No
	No
	The example shows approximately 0.3 dB loss for intra-band CA

	
	I/Q channel mismatch
	May
	No
	

	
	Non-linear distortion
	No
	No
	

	
	Tx leakage
	May
	May
	More Tx leakage for some intra band case; Harmonic for inter-band case

	
	ADC effect
	No
	No
	No effect due to moderate input level

	
	Insertion loss
	---
	No
	


2.2 Power imbalance test

In the last RAN4 meeting, it was agreed to add a new CA test for power imbalance. It was agreed that [10]
· 64 QAM, high SNR, BW class C only, 20MHz+20MHz, assume 25dB IRR, throughput measured on PCC with SCC active
· Channel conditions – AWGN

· No Noc setting

· Power difference = –6dB, the power of the cell in which throughput is measured is 6dB lower than the non-measured cell.
The receiver internal noise power is -174dBm/Hz + 10*lg(15KHz) + 9dB = -123.2dBm/15KHz, considering 9dB noise figure. If the input level at PCell is assumed to be -85dBm/15KHz, then the input level at SCell is about -85dBm/15KHz+6dB = -79dBm/15KHz. Then the average image interference level for PCell caused by SCell is roughly -104dBm/15KHz, which is approximately 20dB higher than noise floor -123.2dBm/15KHz and might be translated into roughly 10% EVM at PCell. The phase noise causes the EVM of about 1~2%. And frequency error of 10Hz would cause less than 0.2dB loss. So the image interference from the other would be the dominant impact on the PDSCH performance. To some extent, it would be feasible to verify the minimum requirement for supporting imbalance power between CC in Rel-10 UE based on existing image rejection ratio. And -85dBm would be feasible for the test.
The agreed framework for power imbalance test is quite similar to the sustained data rate test. For example, if 5/6 64QAM was used as suggested in [8], the payload of all the sub-frames would be 63776, which the second largest TBS for 100PRB with one transmit port and the largest one is 75376. It would be reasonable to choose larger MCS for this test to fulfil the test purpose, because lower MCS might not be sensitive to the image interference. One straight forward solution is to reuse the most of working assumptions for the agreed sustained data rate test #6A with CA bandwidth class C, except for the power level of the SCell and required test metric. One advantage would be to save the effort of simulation, because the same simulation link could be shared for both requirements. The other advantage would be to give the reader the clear idea of what the performance degradation of power imbalance is by comparing the sustained data rate test #6A and the power imbalance test.
Proposal 1: Reuse the working assumptions of sustained data rate test #6A with CA bandwidth class C expect for SCell power level and required test metric for the power imbalance test.
We summarize the simulation assumptions in Table 4 and Table 5. For the test metric, we propose to use relative throughput but the detailed value FFS. Since it was agreed that 2x20 demodulation requirements is only for UE category from 5-8 and considering the limit of maximum TBS and soft buffer, it is suggested that the power imbalance test is only for UE category 5-8.
Table 4 Simulation assumptions for FDD power imbalance test
	Parameter
	Unit
	Value

	Bandwidth class
	MHz
	2x20, Class C

	Transmission mode
	
	1

	Antenna configuration
	
	1 x 2

	Propagation condition
	
	AWGN

	CodeBookSubsetRestriction bitmap
	
	n/a

	Downlink power allocation
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	Symbols for unused PRBs
	
	OCNG

	Number of HARQ process
	Process
	8

	Maximum number of HARQ
	
	4

	Redundancy version coding sequence
	
	{0,0,1,2} for 64QAM

	Number of OFDM symbols for PDCCH
	OFDM symbols
	2

	UE category
	
	5-8

	Measurement channel 
	
	R.31-4 FDD

	Test Metric
	
	Relative Throughput ([60%])

	Note 1:
No external noise sources are applied


Table 5 Simulation assumptions for TDD power imbalance test

	Parameter
	Unit
	Value

	Uplink downlink configuration (Note 1)
	
	5

	Special subframe configuration (Note 2)
	
	4

	Bandwidth class
	MHz
	2x20, Class C

	Transmission mode
	
	1

	Antenna configuration
	
	1 x 2

	Propagation condition
	
	AWGN

	CodeBookSubsetRestriction bitmap
	
	n/a

	Downlink power allocation
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	Symbols for unused PRBs
	
	OCNG 

	Number of HARQ process
	Process
	7

	Maximum number of HARQ
	
	4

	Redundancy version coding sequence
	
	{0,0,1,2} for 64QAM

	Number of OFDM symbols for PDCCH
	OFDM symbols
	2

	UE category
	
	5-8

	Measurement channel
	
	R31-4 TDD

	Test Metric
	
	Relative Throughput ([60%])

	Note 1:
No external noise sources are applied


2.3 Soft buffer limitation test
In [11], it was proposed that the additional test scenarios for instantaneous buffering in order to test high-throughput in CA and instantaneous buffering. The test case of 10MHz+10MHz with 2x2 MIMO TM3 EVA low and 3/4 64QAM was given for UE Category 3. It was a good start point for our study. But there would be several remaining issues:
· The current test set up results in high SNR requirement, which is larger than 20dB and will lead to large margin.

· In Rel-10, only bandwidth class C is employed for TDD. There would be no 10MHz+10MHz test case for TDD.
· Except for instantaneous buffering, it should be discussed that 1) at the UE which soft bits to store in case of re-transmission to reflect more general design of the UE implementation; 2) at the eNB, which redundancy version to choose for re-transmission.
Although TM3 would be quite a practical transmission mode, the alternative configuration of 3/4 64QAM 1x2 TM1 EVA5 Low with 20MHz+20MHz is suggested. For this configuration, the 70% TP is at 15dB and 30% TP is roughly at 7dB. The advantages are that this test can cover both FDD and TDD and required SNR is within reasonable range. And in order to test the effect of instantaneous buffering, we suggest changing the RV sequence from {0,0,1,2} to {0,1,2,3} and requiring that UE storing the soft bits with the length specified in RAN1 from the start point of RV0 continuously. Both 70% and 30% could be used for the test.
Proposal 2: Use 20MHz+20MHz test case with configuration of 3/4 64QAM 1x2 EVA5 Low for both FDD and TDD to cover UE category 3. Set the RV sequence as {0,1,2,3} and assume that UE storing the soft bits with the length specified in RAN1 from the start point of RV0 continuously.
3 Simulation results for DL CA 20MHz (FDD)
In this section we give our initial simulation results for 20MHz SIMO and MIMO test cases as shown in Table.1 and Table.2. The detailed assumptions are given in [1] and TS36.101. In the annex we also give the new FRC for both test cases.

Table 6 20MHz test case for CA SIMO
	Scenario
	Description
	Reference channel for single carrier
	Propagation model
	Antenna correlation
	Applicable UE Categories
	Verification point

	
	
	
	
	
	UE Category
	CA Capability
	

	x.1
	1x2 QPSK 1/3 2x20MHz
	R.xx
	EVA5
	Low
	5-8
	A-A, or C
	70% tp


Table 7 20MHz test case for CA MIMO
	Scenario
	Description
	Reference channel for single carrier
	Propagation model
	Antenna correlation
	Applicable UE Categories
	Verification point

	
	
	
	
	
	UE Category
	CA Capability
	

	y.1
	2x2 16QAM 1/2 2x20MHz LD-CDD
	R.30
	EVA70
	Low
	[5-8]
	A-A, or C
	70% tp
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Figure 4 Simulation result for 20MHz CA SIMO test case
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Figure 5 Simulation result for 20MHz CA MIMO test case

Table 8 Simulation results

	Scenario
	Description
	Verification point
	SNRs

	x.1
	1x2 QPSK 1/3 20MHz
	70%
	-3.1

	
	
	30%
	-6.8

	y.1
	2x2 16QAM 1/2 20MHz LD-CDD
	70%
	11.9

	
	
	30%
	3.6


4 Simulation results for format 3 16 bit A/N with impairment margin
In this section, we give the simulation results for UL CA PUCCH foramt3 16 bits A/N with impairment margin.
Table 9 Required SNR for format 3, TDD, 16bits

	Antenna configuration
 and correlation matrix
	Cyclic Prefix
	Propagation Conditions
	ACK missed = 1%
	NACK to ACK = 0.1%

	
	
	
	Channel Bandwidth / SNR [dB]

	
	
	
	10 MHz
	15 MHz
	20 MHz
	10 MHz
	15 MHz
	20 MHz

	1x2 Low
	Normal
	EPA 5
	-1.60
	-1.30
	-1.10
	1.00 
	1.40 
	1.70 

	
	
	EVA 70
	-0.80
	-0.90
	-1.00
	2.00 
	1.70 
	1.60 

	1x4 Low
	Normal
	EPA 5
	-5.30
	-5.50
	-5.70
	-3.30 
	-3.70 
	-4.00 

	
	
	EVA 70
	-5.20
	-5.10
	-5.20
	-3.20 
	-3.30 
	-3.40 


5 Conclusions

In this paper, we give our ideas on CA demodulation and also give some simulation results. The conclusions are as following:
Observation 1: We did not see the full justification for the CA specific margin. But the additional relaxation of 0.5 dB seems acceptable for CA demodulation requirements.
Proposal 1: Reuse the working assumptions of sustained data rate test #6A with CA bandwidth class C expect for SCell power level and required test metric for the power imbalance test.

Proposal 2: For soft buffer limitation test, use 20MHz+20MHz test case with configuration of 3/4 64QAM 1x2 EVA5 Low for both FDD and TDD to cover UE category 3. Set the RV sequence as {0,1,2,3} and assume that UE storing the soft bits with the length specified in RAN1 from the start point of RV0 continuously.
And in section 3 we give the simulation results for DL CA with 20MHz. In section 4 we give the simulation results for for UL CA PUCCH foramt3 16 bits A/N with impairment margin.
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