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1 Introduction
The unwanted emission requirements for LTE CA BS were agreed in RAN4 #56 meeting [1]. It is described that,"
· For the outermost component carrier with channel bandwidth ≥5 MHz, the channel bandwidth of the outermost component carrier should be considered for operating band unwanted emission and ACLR requirements. 

· The operating band unwanted emission and ACLR requirements shall be FFS if channel bandwidth of the outermost component carrier < 5MHz."
The UEM and ACLR requirements shall be specified. This contribution is yet another effort to resolve this issue. Simulations and analysis for UEM and ACLR requirements are provided.
2 Discussion
This issue had been discussed in several meetings. Some of the different views (not all the references have been listed) are summarized as following:

Proposal 1: In [2], it was proposed that if the aggregated bandwidth is larger than 5MHz, the UEM requirement for the channel bandwidth
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5MHz would be applied at the respective side of the group of transmitted carriers.
Proposal 2: In [3], it was proposed that the channel bandwidth of the E-UTRA transmitted signal on the lowest (highest) assigned channel frequency should be considered for the unwanted emission limits defined in TS 36.104. 
Proposal 3: In [4], it was proposed that reuse TS 37.104 requirement for LTE CA BS.

MSR and LTE single RAT are current in separate requirements. Here we only compare Proposal 1 and Proposal 2 based on the simulations and analysis. 
2.1 Simulation assumptions

Table 1 shows options of component carrier arrangement with small CCs of 1.4MHz bandwidth configured at bandwidth edge. And simulation results for single carrier of small bandwidth listed in Table 2 are also provided as a reference.
Table 1 Simulation cases of CA bandwidth configuration
	Case
	Transmission bandwidth configuration NRB
	Component Carriers Specified in [3]Table 5.6-1
	Aggregated Channel BW [MHz]
	eNB Tx power

	#1
	6+100+100+6
	1.4MHz+20MHz +20MHz+1.4MHz
	38.9
	46dBm

	#2
	15+100+15
	3MHz+20MHz+3MHz
	24
	46dBm

	#3
	6+100+6
	1.4MHz+20MHz+1.4MHz
	20.6
	46dBm


Table 2 Simulation cases of single carrier bandwidth configuration

	Case
	Transmission bandwidth configuration NRB
	Carrier channel bandwidth
	eNB Tx power

	#1
	6
	1.4MHz
	46dBm

	#2
	15
	3MHz
	46dBm


Additional simulation assumptions are listed below:

· RB allocation: full RB for transmission;

· Spectrum shaping filter: 0.1dB ripple and 50dB rejection;

· CA carrier spacing: the minimum possible channel spacing compatible with the n*300 kHz constraint is adopted in the simulation. 
· Only one PA.
· The power spectrum density of each CC is the same.
2.2 Simulation results
2.2.1 Operating band unwanted emission
Figure 1~2 provide the PSD plots with UEM (Category B in TS36.104) for 1.4MHz and 3MHz single carrier. The Blue curve is the PSD of DL E-UTRA carrier signal and the red curve is the corresponding UEM. It’s clear the slope of the defined UEM mask agrees with the residual inter-modulation production perfectly.
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Figure 1: operating band unwanted emissions for 1.4 MHz E-UTRA carrier
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Figure 2: operating band unwanted emissions 3 MHz E-UTRA carrier
Simulations are done to compare the operating band unwanted emissions of contiguous CCs according to Table 1 and single small bandwidth carriers with the same output power (46dBm). In Figure 3~5, the blue curve shows the PSD plots of contiguous CCs with small bandwidth carrier (1.4/3MHz) configured at the channel edge. The red and black curve shows UEM requirements for small bandwidth (1.4/3MHz) and ≥5MHz bandwidth carrier defined in TS 36.104 respectively. It should be noted that the lower/higher edge of the aggregated channel bandwidth is defined based on the outermost CC, i.e.:

Fedge_low= FC_low- Foffset , 

Fedge_high = FC_high + Foffset , 

where Foffset equals to BWchannel/2, and BWChannel is 1.4/3MHz in our simulation cases.
The results show that:

·  It can be expected that the near end emission of the CCs in contiguous CA scenarios is lower than that of the single E-UTRA carrier (1.4/3MHz bandwidth), since the total output power is the same and consequently the PSD in CA scenarios is lower than that of small bandwidth single carrier.

·  For far end emissions that fall in the spurious domain, it should fulfil the emission limits defined in ITU-R Recommendation SM.329. Out of the frequency range of operating band unwanted emissions limit, the duplexer is helpful to suppress the unwanted emissions to meet the spurious requirements.

· To sum up, it’s clear the slope of the residual inter-modulation production agrees with the defined UEM for >=5MHz (black line in figure 3, 4, 5) channel bandwidth perfectly even with <5MHz channel bandwidth configured at channel edge. That’s in agreement with proposal [1].
From the spectrum shape of the unwanted emission, it is more appropriate and reasonable to apply Proposal 1 rather than Proposal 2, i.e. using UEM requirement for channel bandwidth 
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5MHz while the aggregated channel bandwidth
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5MHz. 
Appling UEM for 1.4MHz or 3MHz UEM for aggregated channel bandwidth
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5MHz would slightly results in tighter UEM requirements.

[image: image7.emf]-80 -60 -40 -20 0 20 40 60 80

-40

-30

-20

-10

0

10

20

30

40

40W-46dBm(Power)  CA-Minimum channel spacing:1.4+20+20+1.4MHz

MHz

dBm/100KHz

 

 

signal PSD

1.4MHz signal UEM Category B

5MHz UEM Category B


Figure 3: operating band unwanted emissions for CA scenario #1(1.4+20+20+1.4/MHz)
[image: image8.emf]-30 -20 -10 0 10 20 30 40

-30

-20

-10

0

10

20

30

40

40W-46dBm(Power)  CA-Minimum channel spacing:3+20+3MHz

MHz

dBm/100KHz

 

 

signal PSD

3MHz signal UEM Category B

5MHz UEM Category B


Figure 4: operating band unwanted emissions for CA scenario #2(3+20+3/MHz)
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Figure 5: operating band unwanted emissions for CA scenario #3(1.4+20+1.4/MHz)
2.2.2 ACLR

Based on the above simulations for operating band unwanted emission, the corresponding ACLR performance for all cases is evaluated as well. Figure 6~7 illustrates the ACLR performance for single E-UTRA carrier, and Figure 8~10 illustrate the ACLR performance for CA scenarios in Table 1.
Again, based on the shape of residual IM products, it’s more reasonable to measure the ACLR performance using >=5MHz measurement bandwidth even small channel bandwidth is configured at channel edge. Measurement of the ACLR performance using 1.4/3MHz measurement bandwidth when 1.4/3MHz channel bandwidth is configured at channel edge would slightly results in tighter ACLR requirements. 
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Figure 6: ACLR limits for 1.4 MHz E-UTRA carrier
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Figure 7: ACLR limits for 3 MHz E-UTRA carrier
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Figure 8: ACLR limits for CA scenario #1(1.4+20+20+1.4/MHz) 
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Figure 9: ACLR limits for CA scenario #2(3+20+3/MHz)
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Figure 10: ACLR limits for CA scenario #3(1.4+20+1.4/MHz)
3 Conclusion
Based on the analysis above, and theoretically, proposal in [1] is the most reasonable approach to specify UEM and ACLR requirements. However, the current specification implementation has made the modification according to proposal [1] almost impossible.

All the simulations in the papers are for illustrative purpose only. Real implementation would have much better ACLR and unwanted emission performance and there is still a lot of margin to accommodate any differences in the UEM and ACLR measurement bandwidth requirements. For simplicity, we would propose to simply apply the UEM and ACLR requirements of the outmost carrier even when small carriers are configured at channel edge. 
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