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1. Introduction
LTE-A provisions for multiple Rel-8 carrier aggregation as means to increase the system BW.  In the Athens meeting, a set of multi-carrier deployment scenarios has been identified [1] for the study phase for ITU-R submission. The agreed upon proposal covers DL and UL both contiguous and non-contiguous scenarios for FDD and TDD mode. 
This contribution analyzes the impact of contiguous 2x20 MHz carrier aggregation, (Deployment Scenario #1 in [1]) on the max UL power. To this extend, a new SEM mask is introduced by extrapolating the current Rel-8 20 MHz SEM and used to quantify the max supportable Tx power. 
2. Signal Generation Description

The signal generation for each CC is presented in Figure 1. In brief, Nx SC-DFT-S-OFDM scheme is utilized, i.e. one DFT is allocated per each carrier. After sub-carrier mapping into clusters, the resultant streams of freq domain samples are fed to single wide-band 40 MHz IFFT to convert the signal from freq to time. Finally a single PA is utilized to transmit the contiguous band signal. Note that using a single 40 MHz wide IFFT is equivalent to employing 2x20MHz IFFT and combining the outputs after appropriate freq shifting under the assumption that subcarrier spacing is maintained at 15 kHz across carriers. The PA model utilized for simulation captures the non-linear behavior commonly encounters in commercial PAs with good accuracy.
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Figure 1: Contiguous carrier generation, 2x20 MHz
2.1.  Patterns Selection

The departure from a single carrier waveform in LTE-A opens up a large number of possible cluster combinations within a given carrier and consequently even a larger set across carriers. The max Tx power is influenced by the specific cluster configuration as the intermodulation products and adjacent power leakage depend on the RBs specific frequency location. To limit the number of simulations, four patterns have been selected to represent the best, worst and in between cases of cluster assignment in terms of Tx power. For all cases it is assumed that up to 3 clusters can be assigned per each carrier.  Out of the 40 MHz band, the transmission band spans 212 RBs or 106 RBs per carrier. Hence the resultant guard band is slightly less than 1 MHz on each side (0.92MHz), see Figure 2.
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Figure 2: Transmission BW for 2x20 MHz contiguous carriers
The four pattern schemes simulated and their associated RBs location are summarized in Table 1. 
Table 1: Pattern configuration for each carrier
	
	Carrier 1
	Carrier 2

	
	Cluster 1
	Cluster 2
	Cluster 3
	Cluster 1
	Cluster 2
	Cluster 3

	Patt #1 Alloc RBs
	1..104
	NA
	NA
	110..212
	NA
	NA

	Patt #2 Alloc RBs
	1..8
	60..80
	96..102
	116..128
	160..180
	196..200

	Patt #3 Alloc RBs
	8..16
	NA
	NA
	120..128
	180..188
	NA

	Patt #4 Alloc RBs
	1..4
	NA
	NA
	210..212
	NA
	NA


2.2. Spectral Emission Mask Details
As proposed in [2], the SEM for contiguous carriers should cover the total occupied BW i.e. the sum of the BW of each CC.  The selected SEM is extrapolated from the REl-8 20 MHz one by “stretching” the transition boundaries according to the extended BW. The 40 MHz SEM is summarized in Table 2. For comparison, the 20 MHz SEM mask as defined for Rel-8 is shown in the second column.
Table 2: 40 MHz General SEM
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 [MHz]
	Emission Limit [dBm]

for 20MHz LTE
	Emission Limit [dBm] (proposed)
for 40MHz LTE-A
	Measurement Bandwidth

	± 0-1
	-21
	-24
	30 kHz

	± 1-2.5
	-10
	-10
	1 MHz

	± 2.5-5
	-10
	-10
	1 MHz

	± 5-20
	-13
	-13
	1 MHz

	± 20-25
	-25
	-13
	1 MHz

	± 25-40
	-30
	-13
	1 MHz

	± 40-45
	-30
	-25
	1 MHz

	± 45
	-30
	-30
	1 MHz


3. Simulation Results
The simulation set-up conditions are summarized in Table 3. The PA output PSD along with SEM mask (black: 40 MHz, red: 20 MHz) and spurious level (dashed magenta line) are shown for each pattern in Figure 3 through Figure 6. Each Figure represents the PSD distribution in correspondence of the violating Tx power. The SEM and spurious margin are displayed in Figure 7 and 8 respectively. The margin is defined as the minimum distance of the given PSD from the mask limits where the minimum is computed across the BW of interest. The max spec compliant power which is computed at the zero margin crossing is summarized in Table 4. 
Table 3: Simulation Set-up

	Parameter
	Value

	Mod Order
	16 QAM

	Tx Power Sweep
	18 dBm … 24 dBm

	Guard Band
	0.92 MHz on each side
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Figure 3: Pattern #1, Tx PSD with SEM boundaries (black)
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Figure 4: Pattern #2, Tx PSD with SEM boundaries (black)
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Figure 5: Pattern #3, Tx PSD with SEM boundaries (black)
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Figure 6: Pattern #4, Tx PSD with SEM boundaries (black)
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Figure 7: SEM margin vs. Tx power for all patterns
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Figure 8: Spurious emission margin vs. Tx power for all patterns

Table 4: Maximum Tx power
	
	Pattern #1
	Pattern #2
	Pattern #3
	Pattern #4

	SEM
	23.73
	23.59
	22.66
	21.61

	SPUR
	24.26
	24.36
	20.96
	18.99


4. Discussion

As a general comment, simulation results show some degree of sensitivity wrt to the particular pattern, i.e. positions of allocated RBs. For instance while pattern #1 (almost full BW occupancy) does not poses significant limitations on the max spec compliant Tx power, pattern #4 (narrow band allocation at the band edges) results in highly concentrated intermod products (IM3, IM5) , as shown in Figure 6. In fact, for this pattern, the fifth order IM products falling in the spurious region result to be the dominant limitation in output power and can be considered the worst case scenario. Also note that had the 20 MHz mask been adopted as such, the violation would have occurred at a much lower level as expected.  
5. Conclusion
In this document, a SEM mask has been investigated for LTE-A UL 2x20 contiguous carrier. The proposed SEM limits the Tx power from a minimum of 19dBm (worst case pattern) to 23.7dBm (best case pattern).  Given that the spurious emission requirements seem to be the limiting factor for the Tx power it is envisioned that possible solutions can be adopted to mitigate this effect such as an appropriate relaxation or a restriction on the scheduler in terms of transmit power level for such narrow-band allocation widely separated in frequency. 

Since ITU-B spurious emission limits are not necessary to support in all regions, we recommend considering a general spurious emission limit of -13dBm/MHz and an NS_0x value designated to indicate that -30dBm/MHz limit has to be also met in the spurious domain.   
6. Appendix

Figure 9 shows the PAR ccdf relative to pattern 1 and pattern 4. As can be seen, there is basically no difference in PAR distribution for these 2 cases and by the same token, both have similar cubic metric values, however the resultant max output power are significantly different as a result of different IM levels
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Figure 9: ccdf of PAR for Pattern #1, Pattern #4
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