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1
Introduction
At RAN4#51, [1][2] were submitted, discussing carrier aggregation options for the agreed multicarrier scenarios. In order to reuse the unnecessary guardband between the component carriers, the two proposals suggested different methods:
1. Extend the component carrier transmit bandwidth configuration from 100 RBs to 100 … 108 RBs

2. Use 100 RB component carriers and an additional smaller carrier to utilize the residual bandwidth. 

For either option, there would be a reduction in guardband at the channel edge compared to the extension of the 10 % rule followed in LTE Rel 8  (for 100 MHz carrier aggregation, the 10 % guardband would give 5MHz on each side, which will be reduced by either proposal.)
In this contribution, we study the close-in emission and EVM performance of the eNB and UE transmitter with the reduced guardband and also look at the backward compatibility issues pertaining to the proposals. 

2
Discussion 
2.1 
Backward Compatibility
We foresee no backward compatibility issues with using more than 100 RBs for carrier aggregation. It should be noted that legacy Rel 8/9 UEs can still be confined to 100 RBs, while the LTE-Advanced UEs can use more than 100 RBs. An example of such operation was shown in Figure 1 of [1] (and is duplicated below for convenience.) It should be noted that other configurations (e.g. where the LTE-A RBs are added only on the right side) could also be considered. 
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Figure 1 Backward Compatible Operation of Carrier with > 100 RBs
It is possible that different number of RBs may be needed for different carrier configurations. However, a UE that can work with the largest number of RBs (say 108) can work when a smaller number of RBs (say 104) are used in the component carrier. This should not be very different from Rel 8, where a PDSCH assignment could be smaller than the total number of RBs in that carrier.  We believe that this change has lesser impact than a similar change would have in Rel 8, where a change in the number of downlink RBs resulted in a change of control channel mapping and interleaving, which complicates testing. But in the LTE-A case, the control channel could be confined unchanged in the center 100RBs, therefore a change from 100 RB to 104 RB or 108 RBs wouldn’t involve the same complexity.     
2.2 
Comparison with Adding a Small Carrier: Baseband Issues 
An alternate proposal [2] considered using 100 RBs for component carriers, but adding a short carrier at the edge of the band. We see several disadvantages of such an approach when compared to increasing the number of RBs. Some of these are listed below.

Since the small carriers defined in Rel 8 come with a fixed number of RBs, it may not be possible to make efficient use of the extra bandwidth. For example, consider the UL of prioritized operator scenario #1 which is a 2 x 20 MHz system. Leaving a 1MHz guard at either end, 19 subcarriers to satisfy the raster requirement and allowing for 2 large component carriers of 1201 subcarriers each, we are left with 112 subcarriers worth of bandwidth. Only a 6 RB carrier would fit in this bandwidth, thus wasting 40 subcarriers. The spectral utilization of the above scheme is therefore at most 206 RBs / 40 MHz = 92.7%. 
However, even that number is an upper bound since the small carrier would need to have its own overhead and control channels. Furthermore, the control overhead in small carriers are very high (e.g. the number of TDM control symbols in a 6 RB carrier could be 4, the PSS/SSS/PBCH occupy the entire BW etc.) This results in very poor spectral utilization for such carriers. 
Additionally, the LTE-A eNB and UE would be forced to operate on 3 carriers instead of 2. This increases their complexity significantly.  While the cost/complexity of some hardware components and software components may only depend on the total bandwidth, the cost/complexity of others would scale with the number of carriers. For example, RSRP and RSRQ measurements now need to be performed on 3 carriers instead of 2, PUCCH transmission should happen on 3 carriers, HARQ processes need to be maintained on all three carriers etc.   
2.3 
Comparison with Adding a Small Carrier: Band Configuration and Testing Issues

Low bandwidth carrier operation is not even supported in the majority of band classes [3]. The additional small carrier proposal would require the reintroduction of these small bandwidth carriers into these band classes, which entails significant testing complexity.  
It should also be noted that different carrier combinations would be required to support different total bandwidths. In the 2 x 20 MHz case, we need two 100 RB carriers + a 6 RB carrier, while in a 5 x 20 MHz case we need five 100 RB carriers + a 25 RB carrier. Thus a “40 MHz capable” would either operate on two 100 RB carriers and either a 6 RB or a 25 RB carrier to make efficient use of the bandwidth. A UE category capable of operating on the former combination may not be able to operate on the latter combination. Conversely, a UE category capable of operating on the latter combination would need additional testing to operate on the former. 
Finally in some deployments (e.g. HeNBs), the elimination of guard subcarriers between the component carriers can cause issues to Rel 8 UEs due to ACI at the edge of the band. Note that uplink control channels (PUCCH) are the edge of the band and downlink control channels (PDCCH/PHICH) can have some modulation symbols at the edge of the band. In a scenario where a Rel 8 UE is connected to a macro eNB, but close to a HeNB operating on carrier 2, the adjacent channel interference from the HeNB will cause severe interference to the control channels. (Note that the same issue exists even in the case of >100 RBs, however the edge RBs will not contain any control channels.)
3
Emissions
A possible concern is emissions performance at channel edges (i.e. close-in emissions).  Similar concern can also be raised regarding emissions from one component carrier to another; however, since both proposals [1][2] being considered would practically eliminate guardbands between component carriers, there is no difference between the proposals in this respect from an RF perspective.  There is still a difference though from a performance perspective as it was pointed out in Section 2.3.  In a heterogeneous multicarrier deployment, the 100 RB carrier case cannot avoid the increased interference to DL control channels, while the >100 RB component carrier case can.  For example, in a 108 RB component carrier, there would be 4 RBs = 720kHz additional guardband protecting the downlink control channels that both the Rel 10 and Rel 8 UEs could rely on. 

Returning to the out-of-band emissions, a few initial observations can be made: 

· When analyzing the difference between the 100 RB and >100 RB cases, the PA distortion is not a significant factor.  The distortion created by the PA is dominated by IM3 effects with a spread across three times the transmission bandwidth, and the slope of the emissions is moderate.  So for example the IM3 emission level in the first 1 MHz outside the band will be almost the same as in the second 1 MHz when the channel bandwidth is large (e.g. > 10 MHz)

· Baseband noise such as D/A quantization noise or clipping noise should be spread evenly across the whole bandwidth corresponding to the output sampling rate, which is defined by the output IFFT size and any subsequent interpolation.  Due to the relationship between the LTE channel bandwidth and the IFFT size, the output will be oversampled by at least 50%, therefore the quantization will be substantially flat in the first 1 MHz outside of the channel BW.  Some implementations might use the existing guardband as reserved carriers for concentrating the clipping noise; however, this is a fairly inefficient use of the spectrum resources in LTE-A, which we don’t believe should be supported.  
· In a first order approximation, the roll-off of the close-in emission levels is independent of the bandwidth, i.e. the transition bandwidth does not increase in absolute terms as the bandwidth increases. As a result, the transition bandwidth-to-passband ratio decreases as the bandwidth increases. This can be seen by first considering the emissions without overlap-and-add windowing.  The spectrum shape in this case can be derived by taking the discrete subcarriers and convolve that discrete spectrum with a sinc function corresponding to the OFDM or SCFDM symbol length.  Since the symbol length is independent of the channel bandwidth, the resulting spectrum roll-off will look very similar in absolute terms in every bandwidth case.  When we include the effect of the overlap-and-add windowing, the spectrum roll-off will be still similar as long as the overlap-and-add window lengths are comparable.  These will be illustrated in Figures 2 through 5 showing the emissions at the channel edge for 10MHz and 20MHz channel BW with and without windowing.  

In the following, we show simulation results for the close-in emissions showing the spectrum roll-off at the channel edge.  Note that only 10MHz and 20MHz channels are shown here but the trends can be clearly extrapolated to larger bandwidths. 

A few simulation assumptions are listed in Table 1 below.  Since the close-in emissions are tighter for the eNB than for the UE, due to the higher relative attenuation required, we look at the eNB emissions first. 
	Parameter
	10 MHz  downlink
	20 MHz downlink

	Number of Tx antennas
	1

	Modulation order
	16QAM

	Output power (dBm)
	46

	Emission limit
	Stricter of Category B (Table 6.6.3.2-6 in [4]) and PCS (Table 6.6.3.3.-2  in [4])

	Emission limit in first 1 MHz (dBm/15kHz)
	-21
	-24


Table 1  Simulation assumptions for eNB close-in emissions
Figures 2 and 3 show the emissions without any overlap-and-add or filtering. 
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  Figure 2   Emissions at channel edge for 10MHz
    


Figure 3  Emissions at channel edge for 20MHz
We can see in Figures 2 and 3 that both for 10MHz and 20MHz LTE channels, the emissions drop approximately 35dB at 2MHz offset from the fundamental transmission, i.e. at -6.5MHz from DC for the 10MHz BW case and at -11MHz for the 20MHz BW case.  

Therefore, we observe that the roll-off doesn’t scale with bandwidth.  

Next, the same simulations are repeated but this time with overlap-and-add windowing.  The results of these simulations are shown in Figures 4 and 5. 
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  Figure 4   Emissions with windowing for 10MHz
    


Figure 5  Emissions with windowing for 20MHz

As it an be seen, now the roll-off is slightly steeper for the 10MHz case ( > 60dB in the first 2 MHz) vs. the 20 MHz case (55dB in the first 2 MHz) but this is just because the overlap-and-add widow length was chosen to be larger for 10MHz compared to 20MHz.  
The EVM measurements of the windowed baseband waveforms are listed in Table 2 below. 

	Parameter
	10 MHz  downlink
	20 MHz downlink

	EVM
	0.2 %
	0.4 %


Table 2  EVM results for the simulated eNB baseband waveforms with windowing
As it can be seen, the eNB SEM limit is not met even with overlap-and-add windowing, therefore further filtering needs to be applied.  But the more important observation is that the roll-off at the channel edge does not vary a lot depending on the channel bandwidth. 

3.1
eNB Close-in Emissions

In order to meet the SEM limit for close-in emissions, some filtering needs to be applied.  We will show results with filtering for the 10 MHz 50 RB, 20 MHz 100 RB and 20 MHz 108 RB cases. The assumed distance from the component carrier center to the channel edge was: 
· 5 MHz for the 10 MHz 50 RB case

· 10 MHz for the 20 MHz 100 RB case

· 11 MHz for the 20 MHz 108 RB case

As it can be seen, in the 108 RB case, we assumed a 1 MHz outward shift of the 20MHz emission mask.  This was the result of the following consideration: 
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In the following, we show results with a baseband FIR in Figures 6 through 8. 
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        Figure 6   Emissions with filtering for 10MHz
    

Figure 7  Emissions with filtering for 20MHz, 100 RBs
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Figure 8  Emissions with filtering for 20MHz, 108 RBs

The EVM measurements of the windowed and filtered baseband waveforms are listed in Table 3 below. 

	Parameter
	10 MHz  downlink 50 RBs
	20 MHz downlink 100 RBs
	20 MHz downlink 108 RBs

	EVM
	0.4 %
	0.3 %
	0.7 %


Table 3  EVM results for the simulated eNB baseband waveforms with windowing and filtering

As it can be seen in Figures 7 and 8 and in Table 3, both the 100 RB and 108 RB options meet the EVM, ACLR and emissions targets for the eNB. 
3.1
UE Close-in Emissions

In the following, we show simulation results for the UE close-in emissions showing the spectrum roll-off at the channel edge.  

Because the UE emissions are relaxed compared to the eNB emissions in relative terms, we only assume overlap-and-add windowing and no baseband filtering. 

A few simulation assumptions are listed in Table 4 below. 

	Parameter
	10 MHz  uplink
	20 MHz uplink

	Number of Tx antennas
	1

	Modulation order
	QPSK

	Output power (dBm)
	22  (23dBm – 1dB MPR)

	Emission limit
	General + NS_03 (Table 6.6.2.1.1-1 in [3] and Table 6.6.2.2.1-1 in [3])

	Emission limit in first 1 MHz (dBm/15kHz)
	-21
	-24


Table 4  Simulation assumptions for UE close-in emissions

Figures 9 through 11 show the emissions with overlap-and-add windowing and without the PA distortion. 
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Figure 9   UE emissions with windowing for 10MHz    Figure 10  Emissions with windowing for 20MHz, 100 RBs
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Figure 11  UE emissions with windowing for 20MHz, 108 RBs
As it an be seen, the roll-off is slightly steeper in the 10MHz case (63dB in the first 2 MHz) vs. the 20 MHz case (54dB in the first 2 MHz); the difference is again due to the overlap-and-add widow length was chosen to be larger for 10MHz compared to 20MHz.  

The EVM measurements of the windowed uplink baseband waveforms are listed in Table 5 below. 

	Parameter
	10 MHz  uplink 50 RBs
	20 MHz uplink 100 RBs
	20 MHz uplink 108 RBs

	EVM
	0.3 %
	0.4 %
	0.4 %


Table 5  EVM results for the simulated UE baseband waveforms with windowing

As it can be seen, both the EVM and SEM limits are met with overlap-and-add windowing, therefore no additional baseband filtering needs to be applied.  

Finally, we evaluate the close-in emission performance with the PA distortion included.  These results are shown in Figures 12 through 14. 
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  Figure 12   UE emissions with PA for 10MHz
    


Figure 13  UE emissions with PA for 20MHz, 100 RBs
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Figure 14  UE emissions with PA for 20MHz, 108 RBs

The waveform quality and emissions related measurements of the windowed waveforms with PA distortion are listed in Table 6 below. 

	Parameter
	10 MHz  downlink 50 RBs
	20 MHz downlink 100 RBs
	20 MHz downlink 108 RBs

	EVM
	2.9 %
	2.7 %
	2.8 %

	E-UTRA ACLR1 (dB)
	34.8
	34.8
	34.8

	E-UTRA ACLR2 (dB)
	> 40
	> 40
	> 40

	UTRA ACLR1 (dB)
	36.9
	39
	39

	UTRA ACLR2 (dB)
	40.8
	41
	41


Table 6  EVM and ACLR results for the simulated UE UL waveforms with windowing and PA distortion
As it can be seen in Figures 13 and 14 and in Table 5, both the 100 RB and 108 RB options meet the EVM, ACLR and emissions targets with adequate margins. 
4
Conclusion
We compared RF related performance with 100 RB and 108 RB component carriers.  We found that both options are feasible from the perspective of emissions and EVM performance. 

Based on other considerations, such as 
· carrier efficiency
· control channel protection 

· number of carriers to be supported, 
we found it beneficial if the extended component carrier bandwidth proposal [1], i.e. > 100 RB component carriers, is adopted.  Therefore we recommend that RAN4 chooses the extended component carrier approach. 
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Assume 100 MHz deployment with 5 component carriers consisting of 108 RBs each to get the minimum spectrum loss, place 3 unused subcarriers between the component carriers.  With this, the DC-to-DC distance between two component carriers will be 


� EMBED Equation.3  ���, 


which is an integer multiple of the agreed 100 kHz raster. 


Now, assuming the 5 component carriers placed side by side symmetrically around the center of the 100 MHz channel, the remaining guardband on the outer sides will be 


		� EMBED Equation.3  ���. 


The distance from the outermost component carrier’s center to the channel edge is then 


� EMBED Equation.3  ���, 


which is 1 MHz more than that in the Rel 8  100 RB case. 
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