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1
Introduction
During the LTE-A SI phase, RAN4 has taken many studies and discussions on contiguous carrier aggregation. In RAN4 meeting #53, a way forward for LTE-A bandwidth extension was approved in [1], and an LS was sent to RAN1. While the current studies and proposals are mainly focused on DL contiguous carrier aggregation, it is also necessary to study the applicability of these proposals for UL contiguous carrier aggregation. This contribution analyzes the DL/UL carrier aggregation principles from UL and UE RF aspects. 
2
Analysis
2.1 Current RAN4 proposals on DL contiguous carrier aggregation
There are several contiguous carrier aggregation proposals in RAN4. All of these proposals focus on three aspects: spectral efficiency, complexity, and compatibility. One main methodology is that, in order to improve the overall spectral efficiency, the guard band between normal component carriers can be decreased, but the guard band on the edges of the overall aggregated bandwidth shall be kept the same as Rel-8 (i.e. about 1MHz on each side). The extra spectrum can be exploited for data transmission in the form of small carriers (i.e. extension carrier/carrier segment) to improve the spectrum usage in LTE-Advanced. 
The currently agreed principles on carrier aggregation in LTE-A in [1] – [2] are summarized below:

· Applicable for contiguous carrier aggregation with single PA and an efficient implementation of wider bandwidths such as single FFT/IFFT
· Number of PRBs per carrier
· Working assumption: reuse Rel-8 channel bandwidth configurations for both normal carriers and additional small carriers
· Based on the above working assumption, RAN4 can efficiently re-use the LTE Rel-8/9 RF and performance requirements for both normal carrier and additional smaller carrier
· Additional channel configuration shall not be precluded
· Frequency spacing between component carriers
· Multiple of 300 kHz 
· Minimum spacing between normal component carriers can be 18.3 MHz
· Satisfying the requirements of the 15 KHz sub-carrier spacing and the 100 KHz E-UTRA frequency raster, to maintain compatibility with Rel-8 and orthogonality between subcarriers
· FFS for frequency spacing between component carrier and extension carrier

Figure 1 below shows an example of LTE-A contiguous carrier aggregation. The overall contiguously aggregated bandwidth is 40MHz (included in carrier aggregation scenarios 4, 6, 10, and 11). Two aggregated normal component carriers with 100 PRBs each are aggregated with channel spacing of 18.3 MHz. An additional small carrier of 6-PRB channel bandwidth configuration on one side can be exploited to improve the spectrum utilization.
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Figure 1: 40 MHz contiguous carrier aggregation 
2.2 UL contiguous carrier aggregation 
Current studies and proposals in RAN4 are mainly focused on DL contiguous carrier aggregation. Because of the difference of RF requirements and implementation between BS and UE, it is necessary to study the applicability of these proposals for UL contiguous carrier aggregation. One main proposal for LTE-A bandwidth extension as discussed above is to reduce the channel spacing between normal contiguous carriers (e.g. to 18.3 MHz). 
For FDD, the channel spacing between DL component carriers can be different than that of the UL component carriers. If different, not all CCs are Rel-8 compatible with default Tx/Rx separation. For TDD, the number of component carriers and the bandwidth of each component carrier in UL and DL will be the same [5]. Hence, for TDD, the DL channel spacing shall be the same in DL and UL. From uplink aspect, the impact of the smaller channel spacing between component carriers shall be studied, e.g. in terms of compatibility with Rel-8 UEs and UL interference from adjacent channels. 
As shown in Figure 2 below, for Rel-8, the channel spacing between two adjacent channels is 20 MHz. Suppose that two Rel-8 UEs camp on these two adjacent carriers respectively. The guard band between two UEs is 2 MHz. The UE transmission filter and implementation shall meet the out of band emission requirements (i.e. ACLR and SEM) in [4]. 
Figure 3 shows a possible UL carrier aggregation deployment scenario in LTE-A, where two normal UL carriers are aggregated with 18.3 MHz channel spacing. Assuming that two Rel-8 UEs camp on these two carriers respectively, the guard band between the two UEs is only 300 kHz. Because of the smaller guard band, the interference between these Rel-8 UEs may not meet the Rel-8 requirements.
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Figure 2: UL adjacent channel deployment of Rel-8
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Figure 3: UL adjacent channel deployment of LTE-A

2.3 Evaluation of RF and performance requirements

In this section, we evaluate the UL RF and performance requirements, for cases where the guard band between two UL component carriers is less than 2 MHz. 
2.3.1 Transmitter RF results: Out of band emission
First we evaluate out of band emission including SEM and ACLR. One possible way to determine the minimum required guard band between contiguous UL component carriers with Rel-8 UE implementations is using the Rel-8 SEM and ACLR requirements. A single RB allocation is assumed on the channel edge, with 23 dBm Tx power (no MPR). The detailed simulation assumptions are list in the annex.
Spectrum Emission Mask
Figure 4 shows the power spectrum generated by a Rel-8 UE transmitting on a single edge PRB with 23 dBm. SEMs with different margins are also plotted in Figure 4. Table 1 summarizes the minimum required channel spacing to meet the Rel-8 SEM requirement. It is observed that at least 18.9 MHz channel spacing is needed.
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Figure 4: SEM evaluation results
Table 1: Minimum channel spacing meeting Rel-8 SEM with Rel-8 implementation

	SEM Margin (dB)
	0
	5
	10

	Minimum channel spacing (MHz)
	18.9
	19.1
	19.3


Adjacent Channel Leakage Ratio
Table 2 contains the ACLR results for E-UTRA (20MHz) channel with different channel spacing. It is found that the absolute power emission in the adjacent channel increases because of the reduced channel spacing. With 18.3 MHz channel spacing, the ACLR with a single RB allocation on the band edge does not provide sufficient margin on top of the Rel-8 requirement.
Table 2: ACLR-EUTRA results in different channel spacing with Rel-8 implementation

	ACLR-EUTRA results

	Rel-8 ACLR_EUTRA

Requirement in [3]
	30 dB

	Channel spacing/RB assignment
	a single edge RB
	100 RB

	18.3 MHz
	33.08 dB
	39. 90 dB

	20 MHz
	72.80 dB
	41.50 dB


2.3.2 Uplink Rx performance results: BLER of Rel-8 UEs
We further evaluate uplink demodulation performance of a Rel-8 UE with interference from other UEs assigned on adjacent carriers, as shown in Figures 2 and 3. Assuming an LTE-A eNodeB receiver with a wider bandwidth FFT over all aggregated bandwidth, we evaluate different uplink physical signals. The detailed receiver architecture and simulation assumptions are listed in the annex.
BLER of PUSCH
We study the performance of a Rel-8 UE transmitting PUSCH with interference from another UE on an adjacent carrier, for cases shown in Figures 2 and 3. It is assumed that the intended UE is assigned on the left carrier with a single PRB located in upper edge and the interfering UE is assigned on the right carrier with a single PRB in lower edge. Figures 5 – 7 shows the BLER results with different channel spacing and interference level. S/I refers to the ratio between the receive power of the intended UE and the interfering UE. Compared to Rel-8 deployment (channel spacing of 20MHz), PUSCH SNR degrades about 3 dB at BLER of 3% with -20 dB signal to interference ratio. 
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Figure 5: PUSCH BLER vs. SNR with different interference power levels (18.3 MHz channel spacing)
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Figure 6: PUSCH BLER vs. SNR with different interference power levels (20 MHz channel spacing)
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Figure 7: PUSCH BLER vs. SNR with different interference power levels
BLER of PUCCH format 2
As PUCCH resources are allocated on the channel edges, we evaluate the BLER performance of PUCCH format 2 in this section. Frequency hopping is applied for PUCCH channels. Therefore, it is assumed that there are three contiguous aggregated carriers with 18.3MHz channel spacing in this set of PUCCH simulations. The intended UE signal is transmitted on the middle carrier, with one interfering UE on each neighbouring carrier. Figure 8 shows a 0.5 SNR loss at 1% BLER.
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Figure 8: PUCCH Format2 BLER vs. SNR with different interference power levels (18.3MHz channel spacing)

3 Conclusion
In this contribution, we review the current agreements on contiguous carrier aggregation in LTE-A. We study the applicability of these proposals on UL contiguous carrier aggregation. SEM, ACLR, and PUSCH/PUCCH performance are provided for smaller UL channel spacing than Rel-8. We propose that RAN4 shall study the minimum UL channel spacing and the corresponding requirements for carrier aggregation in LTE-A.
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Appendix 

Table 3 and figure 9~11 below show our simulation parameters and assumption in details.
Table 3 Simulation Parameters
	Parameters
	Value
	Comment

	System and physical Parameters Configuration

	Carrier aggregation bandwidth
	40MHz,60MHz
	2 CCs for PUSCH, 3 CCs for PUCCH

	User Number
	2 or 3 Rel-8 UEs 
	1 intended UE, 1 or 2 interfering UEs

	User power offset
	20,10,5,0,-5,-10,-20 dB
	Intended UE / Interference User

	Uplink transmission physical signal
	PUSCH, PUCCH format 2
	

	PRB Allocation
	1RB for each carrier
	Single RB on channel edge

	Channel Bandwidth
	UL：20MHz 
	

	Channel Spacing
	20MHz or 18.3MHz
	Rel-8 or LTE-A

	Cyclic prefix
	Normal
	

	Modulation
	64QAM 3/4
QPSK, payload 4 bits
	For PUSCH and PUCCH format 2, respectively

	MIMO configuration
	1Tx 2Rx
	No power imbalance between receiver branch

	Channel Model
	EPA5Hz
ETU70Hz
	For PUSCH and PUCCH format 2, respectively

	Channel estimation
	Perfect
	

	Detection Method 
	MMSE
	

	Radio Frequency Parameters Configuration

	Uplink Sample Rate
	30.72 MHz
	

	Uplink FFT Size
	2048 for each carrier
	

	UE maximum TX power
	23 dBm
	No MPR

	Power amplifier modelling
	
	

	Power amplifier gain
	30dB
	n/a

	Non-linear model
	Equivalent to 9dB back-off from saturation point
	3dB above signal PAPR, which is 6dB for OFDM UL

	Spectrum shaping 
	Baseband FIR filtering
	

	FIR length
	82-tap
	The frequency (magnitude) and phase response of the FIR filter are shown in Figure 10

	Pass band ripple / stop band attenuation
	0.05dB/50dB
	

	Pass band/Stop band
	9.0MHz/10MHz
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Figure 9: Rel-8 UE Transmitter block diagram
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Figure 10: Rel-8 UE transmitter FIR filter with 82 taps
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