TSG-RAN Working Group 4 (Radio) Ad Hoc Meeting #3


R4-102516
Bratislava, Slovakia, June 28 – July 2, 2010

Source: 
Nokia





Title: 
LTE CA SEM study
Agenda Item:
3.1.2
Document for:
Discussion

1. Introduction

In RAN4 meeting #55 there was discussions on Spectral Emission Mask (SEM) for LTE Carrier aggrecation. During CA UE RF Ad Hoc [1] it was agreed as a way forward for SEM requirement that “Evaluate further what would be required MPR for 40 MHz to meet Rel-8 20 MHz mask” as wa proposed in [2] 

In this contribution we present simulation results for required MPR to meet the REL-8 20 MHz mask. In addition to that we present required MPR to meet the extended mask proposed in [3] and [4].
2. Discussion

In this contribution we present results for for aggrecated signal which propoerties are as follows

· Aggregated Transmission Bandwidth Configuration 100 RB + 100 RB

· Channel Spacing is minimum in 300 kHz raster
· Guard bands are 1 MHz on either side of the aggrecated channel bandwidth


[image: image1]
Simulation assumtions were as in table 1 below. PA operating point was set so that when only one fully allocated (100RB) carrier was simulated the UTRAACLR1 requirement was 33 dB when 1 dB of MPR was applied as permitted by the specification 36.101.
Table 1 UE RF Simulation assumptions

	Power amplifier operating point
	

	UTRAACLR1 for single carrier
	33 dBc

	Modulator impairments
	

	IQ-Imbalance
	25 dBc

	Carrier leakage
	25 dBc

	3rd order  Counter-IM level
	60 dBc


The masks which are evaluated are presented in table 2 below. 

The first mask to be evaluated is the one proposed in [2] and is basically the LTE REL-8/9 mask for 20 MHz channel bandwidth extended by -30 dBm / 1 MHz region for offsets 25 – 45 MHz. 

The second mask to be evaluated is proposed in [3] and [4] and is basically scaled version LTE REL-8/9 masks. Scaling is done by extending the -13 dBm/1MHz region to cover offsets up to 40 MHz from channel edge to match the signal bandwidth.
Table 2 Proposed Emission masks
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2.1 Required MPR to meet the LTE REL-8 20 MHz mask
In Figure 2 below we present three UE output spectrum plots agains LTE REL-8 20 MHz SEM and general sprurious emission requirement of -30 dBm / 1 MHz. Note that in the plots the x-axis frequency offset is from aggregated channel bandwidth center as in the table 2 the frequency offsets are from channel edge.
· Left hand side plot has two 100 RB carriers with output power of +22 dBm. SEM is violated but also REL-8 ACLR requirements are violated hence additional MPR is required.

· Middle plot has the same allocation of two 100 RB carrier with output power of + 21 dBm. SEM is still violated but REL-8 ACLR requirements are met.

· Right hand side plot has two 1 RB carriers with carrier 1 RB_Start=0 and Carrier 2 with RB_Start = 99 i.e. the allocations are at the outer channel edges. SEM is violated more than 20 dB.
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Figure 2 UE emissions and LTE 20 MHz mask
Reason for 2 x 100 RB allocations to violate the mask is that the mask is intended to be used for signals up to 100 RB allocations hence the mask corner point where requirement is tightened is too close to transmited signal and spectral regrowth generated in PA extends further than that. This phenomenan is illustrated in figure below.
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Figure 3 Comaparion of emissions of 1x100 RB and 2x100 RB

Next we present results of a study where required MPR to meet the 20 MHz mask and general sprurious emission requirement of -30 dBm / 1 MHz for various UL allocations were investigated. Several allocation sizes for both carriers were simulated. Allocation positions were such that the distance between allocations was maximized i.e. those were always at the outer edges of aggrecated channell bandwidth. This channel arrangement produces maximum required MPR for a given transmission bandwith which is distributed into 2 clusters (one cluster per component carrier). 
The X-axis in Figure 4 is the allocation size in resource blocks for the lower carrier and the Y-axis is the allocation size for the higher carrier. Z-axis indicates the required MPR to meet the emissions mask.  Allocation details and corrensponding MPR valus can be found on Annex A.
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Figure 4 Required MPR to meet the 20 MHz mask for various cluster size combinations

Required MPR to meet the 20 MHz mask and general sprurious emission requirement of -30 dBm / 1 MHz. varied between 1.4 dB … 11.4 dB. Cases where most MPR was required were the ones when both CC’s had small allocation. These allocations produce high level inter modulation products in power amplifier. Maximum separation that was used between the allocations also forced intermodulation products to sperad maximal distance away from channel edge to frequencies were SEM is tighter. If allocation positons are changed closer to aggercated channel center the required MPR will be smaller. However with the approach chosed we can see the worst case MPR needed to meet the SEM requirement.
2.2 Required MPR to meet the scaled 40 MHz mask LTE
In figure 6 below we present same three UE output spectrum plots as in previous chapter against scaled LTE 40 MHz SEM and general sprurious emission requirement of -30 dBm / 1 MHz. Note that in the plots the x-axis frequency offset is from aggregated channel bandwidth center as in the table 2 the frequency offsets are from channel edge.
· Left hand side plot has two 100 RB carriers with output power of +22 dBm. SEM not violated but REL-8 ACLR requirements are violated hence additional MPR is required.

· Middle plot has the same allocation of two 100 RB carrier with output power of + 21 dBm. SEM and REL-8 ACLR requirements are met.

· Right hand side plot has two 1 RB carriers with carrier 1 (RB_Start=0) and Carrier 2 (RB_Start = 99) i.e. the allocations are at the outer channel edges. SEM is violated approximately 5...6 dB. In this case the spurious emission limit -30 dBm / 1 MHz causes similar level restriction to signal as mask.
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Figure 5 UE emissions and scaled 40 MHz LTE mask
In Figure 5 we present the required MPR to meet the scaled mask and general sprurious emission requirement of -30 dBm / 1 MHz for various allocations in similar manner as in previous chapter for 20 MHz mask. The X-axis in Figure 5 is the allocation size in resource blocks for the lower carrier and the Y-axis is the allocation size for the higher carrier. Z-axis indicates the required MPR to meet the emissions mask.  Allocation details and corrensponding MPR valus can be found on Annex A.
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Figure 6 Required MPR to meet the scaled 40 MHz mask for various cluster size combinations
Required MPR to meet the scaled 40 MHz mask and general sprurious emission requirement of -30 dBm / 1 MHz varied between 0 dB … 6.6 dB. The highest required MPR to meet the scaled 40 MHz maks was roughly half what was required to meet the 20 MHz mask.

When comparing LTE 20 MHz mask to scaled LTE 40 MHz maks we observe that wide allocations generating large spectral regrowth in power amplifier do not violate the scaled mask as those did the 20 MHz mask.

3. Conclusion

In this contribution we present simulation results that show that up to 11.4 dB MPR is required for aggegated signal consisting of two 100 RB component carriers to meet the LTE 20 MHz mask proposed in [2] and general sprurious emission requirement of -30 dBm / 1 MHz. 

In this contribution we also present simulation results that show that up to 6.6 dB MPR is required for aggegated signal consisting of two 100 RB component carriers to meet the scaled LTE mask proposed in [3] and [4] and general sprurious emission requirement of -30 dBm / 1 MHz.
As discussed in [4] we propose that the SEM requirement should be linked to CA channel bandwidth classes. This way there is no need to define different SEM for every possible CC combinations. 
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